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PREFACE. 


This  is  the  third  paper  in  the  serien  prepared  b}-  Dr.  Griffiths  l>ear- 
ing^  on  the  general  subject  of  range  management,  two  previous  reports 
having  been  published  as  Bulletins  of  the  Bureau  of  Plant  lnda<try, 
Nos.  4  and  15.  The  present  report  discusses  existing  conditions  on 
the  ranges  of  eastern  Washington,  eastern  Oregon,  northea-stem  Cali- 
fornia, and  northwestern  Nevada^  points  out  the  causes  which  have 
led  to  the  present  depleted  condition  of  most  of  the  range  countr\\  and 
^ug^^^  needful  changes  in  present  methods  of  utilizing  the  scant\' 
feed  to  be  found  on  most  of  the  nonarable  lands  of  the  West. 

It  is  noteworthv  that  the  one  factor  which  has  contributed  more 
than  any  other  to  the  depletion  of  the  ranges  is  the  development  of  hav 
production  on  irrigated  land  in  the  range  region.  As  long  as  stock 
was  compelled  to  subsist  the  year  round  on  the  range,  the  limited 
supply  of  winter  feed  rendered  it  impossible  to  support  enough  stock 
to  make  serious  inroads  on  the  more  abundant  summer  growth.  The 
forage  plants  of  the  ranges  were  thus  permitted  to  make  seed.  But 
with  the  advent  of  hav  for  winter  feed  the  amount  of  stoc;k  that  could 
be  handled  increased  till  in  many  places  the  summer  growth  on  the 
range  was  entirely  consumed,  leaving  no  chance  for  the  production  of 
seed.  As  a  result  manv  thousands  of  acres  of  land  that  formcrlv  fur- 
Dished  abundant  pasture  are  now  devoid  of  any  growth  that  str>ck  will 
eat,  while  plants  of  no  value  and  which  ai"e  not  disturl)ed  by  the  graz- 
ing stock  have  spread  rapidly  over  these  areas. 

It  is  clear  that  suggestions  for  the  improvement  of  range  conditions 
to  be  of  value  must  come  from  those  who  are  not  onlv  familiar  with 
the  condition  of  the  ranges,  but  who  also  understand  the  conditions 
under  which  stock  must  be  handled  on  the  range.  In  obtaining  the 
material  used  in  preparing  this  paper,  Dr.  Griffiths  has  traveled  1,70 » 
miles  in  the  range  country,  mostly  by  wagon,  but  no  small  part  of 
this  distance  has  been  covered  afoot.  On  this  journey  every  stockman 
on  the  route  was  interviewed,  and  in  this  way  much  valuable  informa- 
tion was  collected. 
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INTBODUCnOK. 

This  report,  l)ased  upon  field  work  done  in  1902,  is  in  large  part  sup- 
plementary to  that  of  1901.  The  investijifations  of  this  year  have  been 
confined  to  the  same  general  drainage  regions,  hut  the  amount  of  tmvel 
perfoimed  and  the  consequent  opportunity  for  study  have  been  nuu'h 
more  extensive.  All  the  work  covered  in  this  report,  as  well  as  in  that 
of  last  year,"  was  done  in  two  of  the  great  inland  regions,  namely,  the 
drainage  arcA  of  the  Columbia  River  and  that  of  the  Great  Basin. 
Last  year's  report  covered  but  little  of  the  former  area,  being  confined 
mainly  to  that  portion  of  the  Great  Basin  region  lying  between  Win- 
nemucca,  Nev.,  and  the  Blue  Mountains  of  Oregon  in  the  vicinity 
of  the  upper  portion  of  the  Silvies  River,  while  this  report  deals  with 
the  CWumbia  drainage  area  and  that  portion  of  the  (Jn^at  Basin  lying 
to  the  westward  of  the  region  discussed  in  the  report  of  lust  year. 
The  only  place  where  the  same  area  was  covered  })oth  scjusons  is  in  the 
vicinity  of  Burns,  Oregon.  This  duplication  of  n^gion  traversed  was 
occasioned  by  the  necessity  of  obtaining  supplies  and  the  d(»siie  of 
visiting  again  certain  portions  of  Harney  Valley  which  it  wjis  im}K)S- 
sible  to  examine  last  year.  Here,  in  the  vicinitv  of  the  Dunder  and 
Blitzen  River,  on  the  west  side  of  Steins  Mountains,  many  su])stant.ial 
and  extensive  improvements  are  being  made,  especially  by  the  French- 
Glenn  Live  Stock  Company,  in  the  handling  of  the  native  ranges,  as 
well  as  in  the  reclamation  of  the  extensive  swamp  lands,  producing 
at  the  present  time  nothing  but  tules,  but  which  are  l)eing  converted 
into  ha}'  and  pasture  lands. 

Our  traveling  outfit  consisted  of  a  team,  light  spring  wagon,  and  an 
ordinary  champing  outfit.  On  the  entire  trip,  wherever  possible,  we 
endeavored  to  drive  about  30  miles  per  day  and  to  accomplish  this  in 
the  morning,  taking  the  afternoon  to  make  collections,  for  studies, 
and  for  other  work,  while  our  horses,  which  were  obliged  to  pick 

^'Bulletin  No.  15,  Bureau  of  Plant  Indnstry,  U.  K.  Dept.  of  Agricnltiire,  HK)2. 
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their  roughage,  were  feeding.  This,  together  with  the  work  done 
from  the  wagon  and  an  occasional  stop  of  a  day  or  a  week  in  certain 
import-ant  localities,  enabled  us  to  gain  the  desired  information  and  at 
the  same  time  to  cover  a  large  amount  of  territory.  Our  plans,  of 
course,  had  to  be  modified  very  materially  when  crossing  some  of  the 
deserts  in  July  and  August  on  account  of  the  scarcity  of  water.  Here 
it  was  necessary  to  drive  from  one  watering  place  to  another  in  the 
shortest  time  possible. 

Traveling  a  large  part  of  the  time  over  unfrequented  roads,  with 
the  exception  of  alx)ut  200  miles  in  range  countr\%  it  was  possible  to 
do  a  great  deal  of  work  from  the  wagon,  making  frequent  stops  as 
occasion  seemed  to  demand.  This  was  especiall}^  true  of  our  trip 
through  the  Blue  Mountains  of  Oregon  and  the  Warner  Mountains  of 
California,  where  we  were  without  any  well-defined  roads  for  a  good 
part  of  the  way. 

ITINEBABT.  | 

After  spending  two  days  at  Prosser,  Wash.,  and  taking  a  short  trip  | 

into  the  ''Horse  Heaven"  country,  we  started  northward  (PL  I), 
having  as  our  destination  the  Okanogan  region,  in  the  northern  part  of 
the  State.  This  we  reached  by  way  of  North  Yakima,  Ellensburg, 
Wenatchee,  Chelan,  Conconully,  and  Loomis.  On  this  portion  of  the 
trip  we  were  on  the  west  side  of  tlie  Columbia  and  Okanogan  rivers, 
in  a  region  the  greater  part  of  which  may  be  said  to  represent  the 
dividing  line  U»tween  the  summer  and  the  winter  gi'azing  grounds. 
Frequent  stops  were  made  along  this  route,  the  longer  ones  in  the  Kit- 
titas Valley,  near  Ellenslmrg,  and  at  W^enatchee  and  Ix)omis.  From 
Chelan  a  four  days'  trip  was  taken  to  Stehekin,  and  from  Wenatchee  a 
similar  one  into  the  Big  Bend  country  at  Trinidad.  The  northern 
limit  of  the  trip  was  at  a  point  on  the  Okanogan  River  about  8  miles 
from  the  British  l)order. 

On  the  rt^turn  trip  most  of  our  time  for  the  entire  distance  to  Con- 
den's  Ferry  was  spent  on  the  Colville  Indian  Reservation.  From 
Condon's  Ferry,  on  the  Columbia  River,  we  crossed  over  the  High 
Plateau  of  the  Big  Bend  to  Steamboat  Ro(»k  in  the  Grand  Coulee, 
which  we  followed  as  far  a,s  Coulee  City ;  thence  southward  to  the  west 
side  of  Moses  Lake,  and  thence  eastward  to  Ritzville,  in  the  center  of 
the  well-dev(»Joi)ed  wheat  region.     From  Ritzville  we  went  southwaixi  P| 

along  Cow  Creek,  crossing  Snake  River  at  the  mouth  of  the  Palouse, 
and  thence  via  Prescott  to  Walla  W^alla. 

On  Julv  5  we  started  southward  via  Pendleton  into  the  Blu«  Moun- 

ft. 

tains  of  Oregon.  Here  Ave  traversed  the  forks  of  the  John  Day  River, 
passing  en  route  through  Camas  Prairie,  Long  Creek,  Fox  Valley, 
John  Day,  Canyon  City,  Izee,  Bear  Valley,  and  Silvies  Valley,  and 
reaching  Burns  on  July  17.     From  Burns  our  route  passed  between 
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Malheur  and  Harney  lakess,  and  thence  southward  alon^  the  Dunder  and 
Blitzen  River  to  the  base  of  Steins  Mountains.  From  this  point  we 
went  southwest  across  Catlow  and  Guano  valleys  and  across  the  north- 
western  corner  of  Nevada  into  the  Warner  Mountains  of  California; 
thence  southward  to  Smoke  Creek  and  eastward  into  Nevada  a^in, 
across  the  deserts  of  Smoke  Creek  and  Black  Rock,  and  thence  south- 
ward into  the  Humlx>ldt  Valley  near  Lovelock.  Our  next  trip  of  100 
miles  was  in  a  general  southwesterl}"  direction  to  Reno,  where  the 
work  for  the  season  in  this  region  was  discontinued. 

OENEBAIj  ACC0X7NT. 

The  region  indicated  in  the  map  (PL  I)  is  one  of  great  diversit}'  of 
climate,  elevation,  and  soil  conditions,  and  a  complete  account  of  these 
features  is  therefore  obviously  impossible  in  such  a  publication  as  this. 
In  brief  it  may  be  stated  that  the  areas  of  greatest  humidity  are  located 
in  the  Okanogan  region  and  in  the  Wenatchee,  Blue,  and  Warner  moun- 
tains. The  best  grazing  areas  of  the  Okanogan  region  are  at  an  altitude 
of  1,50)  to  2,500  feet;  in  the  Big  Bend  of  the  Columbia,  1,000  to  1,5(M) 
feet;  in  the  prairies  of  the  Blue  Mountains  of  Oregon  and  the  Warner 
mountains  of  California,  4,500  to  6,000  feet,  and  in  the  geneml  desert 
l)asins  of  Nevada  and  Oregon,  about  4,000  feet.  The  annual  precipi- 
tation of  the  region  in  general  may  be  accepted  as  5  to  10  inches,  but 
of  course  there  is  a  great  variation  in  the  mountains  and  in  the  vicinity 
of  our  route  from  Ellensburg  to  the  British  border.  Accurate  data 
regarding  higher  and  less  accessible  localities  are,  however,  very  scarce, 
and  it  can  only  be  said  that  in  portions  of  the  region  the  rainfall  is 
much  greater  than  the  above  figures  indicate. 

The  soils  are,  for  the  greater  part,  basaltic,  i.  e.,  derived  from  dis- 
integrated volcanic  roc*k,  and  are  usually  spoken  of,  espiH'ially  in  the 
northern  half  of  the  region,  as  volcanic  ash.  This  may  bo  taken  to 
represent  the  entire  Big  Bend  country,  as  well  as  the  greattn-  part  of 
the  deserts  of  Oregon  and  Nevada  visited.  The  Blue  and  the  Warner 
mountains,  as  well  as  portions  of  the  Okanogan  "'Bunch-Cimss  Hills," 
are  of  stiff,  heavy  claj's  which  support  a  different  vegetation  as  well 
as  one  which  is  less  susceptible  of  injury  from  tramping  of  stoc^k  than 
the  looser  ashy  soils  of  the  drier  and  usually  lower  regions  n^pre- 
sented  b}"  the  desert  plains  and  the  fertile  lands  of  the  Big  Bend.  In 
the  lower  portions  of  all  the  basins,  as  well  as  in  the  poorly  drained 
areas  along  the  river  Iwttoms,  are  situated  intensel}'  alkaline  stretches; 
these  are  especially  characteristic  of  the  region  tmversed  between  the 
Blue  Mountains  of  Oregon  and  Reno,  Nev.  These  areas  in  this  region 
support  no  vegetation  whatever  over  extensive  tmcts  and  are  known 
locally  as  *'  sleek  deserts.'"  They  are  the  remains  of  old  or  tempomry 
lakes,  which  receive  constant  accretions  of   soluble  salts   from  the 
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basins  in  which  they  are  situated.  They  are  of  themselves  of  no 
economic  importance  for,  supporting  no  vegetation  and  having  no 
outlets  in  ordinary  times,  they  can  not  he  profital)ly  drained  and 
deprived  of  the  superabundance  of  sokible  salts.  They  have  an 
immediate  connection,  however,  with  the  lands  in  their  drainage 
basins  which  are  being  rapidly  reclaimed,  as  will  be  shown  later. 

The  topography  of  the  Okanogan  country  differs  from  that  of  the 
Big  Bend  mainl}"  in  being  cut  up  into  rolling  grassy  hills,  which  are 
covered  with  forests  of  3'cllow  pine  on  their  shaded  and  higher  slopes. 
The  level  ground  is  comparatively  small  in  extent,  and  when  it  occui-s 
on  elevated  regions,  as  is  the  case  in  large  stretches  on  the  Colville 
Reservation  north  of  Conden's  Ferry,  it  is  very  likel}'  to  be  too  rocky 
for  cultivation;  however,  in  mar"  places  in  the  so-called  '^Bunch- 
Gnuss  Hills"  there  are  areas  of  arable  lands,  and  along  all  the  water- 
ways, especially  the  main  Okanogan  River,  there  are  extensive  tracts 
of  good  hay  land  yet  to  be  brought  under  control. 

The  Big  Bend,  although  a  much  more  level  area,  still  presents  a 
great  diversity  of  topographical  features.  It  may  be  briefly  described 
as  a  table-land,  1,000  to  1,500  feet  high,  underlaid  by  basaltic  rock. 
This  general  plateau  has  been  cut  in  various  places  b}'  deep  gorges, 
such  as  the  bed  of  the  Columbia,  Grand,  Moses,  and  Black  Rock  cou- 
lees, exposing  bluflTs  of  basaltic  columns,  which  are  a  familiar  and 
attractive  sight  in  all  of  this  region.  In  many  places,  usually  in  close 
proximity  to  these  gorges  and  especially  in  the  vicinity  of  such  depres- 
sions as  Moses  Lake,  the  rock  is  laid  bare,  or  nearly  so,  over  very 
extensive  areas.  These  must  remain  permanent  grazing  grounds. 
They  are  known  locally  as  "scab  lands,"'  and  are  usually  cut  into  shallow 
ravines,  being  generally  much  rougher  than  those  areas  where  the  soil  is 
deeper.  The  irregularity  of  the  crosiv(*  action  has  resulted  in  the  for- 
mation of  numerous  basin-like  depressions,  where  water  accumulates 
and  remains  for  short  periods,  espccialh^  during  the  winter  and  spring, 
thereby  furnishing  supplies  for  range  stock  at  those  seasons  of  the 
vear. 

The  Blue  Mountains  of  Oregon  and  the  Warner  Mountains  of  Cal- 
ifornia have  much  in  common-  They  are  generally  forested,  but 
have  at  high  elevations  extensive  areas  of  level  or  gently  rolling  lands, 
either  free  from  timber  or  only  sparsely  covered.  In  these  areas, 
usually  designated  as  prairies  or  valleys,  are  found  the  nuclei  of 
prosperous  communities.  Among  these  may  be  mentioned  Camas 
Prairie,  Long  Creek,  Bear  Valley,  and  Silvies  Valley  in  the  Blue 
Mountjiins,  and  Jess  Valley  in  the  \\'arner  Mountains.  These  com- 
nninities  are  dependent  almost  entirc^ly  upon  the  stock  industry  for 
their  support.  The  lands  in  these  regions  are  either  fertile  mountain 
soils  or  rocky  areas  not  susceptible  of  cultivation.  The  latter  furnish 
pasturage.      The  former  are  cropptnl,  usually  with  ha}-  crops. 
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The  desert  region,  which  ocrupieH  pmctically  all  of  the  area  l)etween 
the  Blue  Mountains  and  Reno,  Nev.,  exfei)t  the  Warner  Range  an<i 
the  Humboldt  and  Truckee  River  bottoms,  is,  in  popular  parlance,  a 
huge  sagebrush  plain,  broken  by  numerous  low  mountain  ranges  hav- 
ing little  or  no  timber.  Between  these  mountains  are  the  desert  sinks 
and  ''sleek  deserts"  previously  mentioned.  All  except  the  ''sleek 
deserts"  are  covered  with  a  shrubby  growth  of  sage,  saltbushes,  and 
greasewood,  which  are  often  the  only  vegetation. 

As  compared  with  the  ranges  of  the  Plains,  this  region  generally 
presents  many  striking  differences.  Here  there  is  never  a  sod  except 
in  very  favoi'able  localities  along  streams,  where  the  sedges  and  native 
clovers  abound.  The  grasses  are  truly  bunch  grasses,  although  of 
many  lx)tanical  species,  and  the  bunches  are  invariably  separated  by 
intervals  of  a  few  inches  to  several  feet.  With  the  exception  of  com- 
paratively small  areas  of  the  more  fertile  regions  of  the  Big  I^nd  and 
the  high  mountains,  the  entire  region  is  covered  with  a  shrubby  growth, 
which  is  jjopularly  known  as  sagebrush.  There  is  a  great  differenc>e 
here  in  the  soil  texture  also,  it  being  much  looser  and  less  subject  to 
the  erosive  action  of  torrential  showers.  The  great  difference  from 
the  standpoint  of  the  stockman  is  the  entire  absence  here  of  the  buf- 
falo grass  and  the  blue  grama,  which  are  such  imiiortant  factors  in 
the  make-up  of  the  Plains  vegetation.  When  compared  with  the 
desert  regions  of  the  Southwest,  we  find  a  greater  similarity,  espe- 
cially in  the  possession  of  shrubby  vegetation,  although  this  shrub- 
bery assumes  in  the  latter  more  of  a  thorny  and  spiny  nature  and 
belongs  to  a  very  different  (^lass  of  vegetation  botanically.  In  the 
Southwest  is  found  a  class  of  grasses  resembling  more  closely  thos(^  of 
the  Plains  region,  namely,  the  gramas,  which  are  not  only  closely 
related  but  often  identical  with  the  species  which  is  of  such  impor- 
tance on  the  Plains.  In  regard  to  the  soil,  the  southwestern  stock 
ranges  resemble  more  nearly  those  of  the  Plains  as  far  as  the  erosive 
a^ition  of  water  is  concerned,  although  their  mechanical  and  chemical 
constitution  may  be  very  different.  As  regards  the  sod,  the  region  in 
question  closely  resembles  the  Southwest,  although  the  latter  resem- 
bles the  Plains  region  in  the  species  of  grasses  which  it  contains. 
This  fact  is  probably  to  be  correlated  with  the  meteorological  con- 
ditions mainly,  the  sparseness  and  the  bunched  character  of  the  veg- 
etation between  the  Rocky  and  the  Sierra  Nevada  mountains  being 
brought  about  more  by  the  limited  rainfall  than  by  any  other  cause. 
This  view  appears  to  be  strengthened  by  the  fact  that  many  of  the 
grasses  of  this  general  region  fonn  a  close  and  compact  soil  cover 
when  grown  under  the  more  humid  conditions  of  the  Eastern  States. 
The  bunching  of  the  grasses,  therefore,  is  pro})al)ly  to  be  accounted 
for  by  the  scarcity  of  the  water  supply  rather  than  the  inherent  char- 
acteristics of  the  grasses  themselves. 
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CHANGES  IN  THE  HANDLXNG  OF  THE  WASHINGTON  BAITOES. 

During  the  past  few  years  there  has  been  great  progress  toi^v^ard  a 
more  systematic  handling  and  at  the  same  time  a  more  stable  and  per- 
manent adjustment  of  the  stock  industry  in  the  region  of  the  Big  Bend 
and  the  country  adjacent  to  it.  In  many  particulars  the  changes  are 
radical,  and  in  some  instances  the  industry  has  been  remarkably  cur- 
tailed, though  probably  not  permanently,  for  the  reduced  area  devoted 
to  the  raising  of  live  stock  will  doubtless  be  made,  when  the  new  con- 
ditions become  adjusted,  to  support  proportionally  a  much  larger  num- 
ber of  animals  than  it  formerly  did. 

One  of  the  greatest  factors  in  the  production  of  these  changes  has 
been  the  extension  of  the  wheat  areas  to  include  practically  all  of  the 
tillable  land  of  the  entire  region,  apparently  regardless  of  the  rainfall. 
Large  areas  west  of  Ritzville,  near  Trinidad  and  Waterville,  and  in 
the  '^  Horse  Heaven  "  country  have  in  recent  years  been  reclaimed  for 
wheat  culture.  Some  of  these  areas  may  not  be  permanently  occupied 
by  wheat,  since  the  average  annual  rainfall  on  some  of  them  is  Ie,ss 
than  10  inches,  and  some  of  the  more  conservative  farmers  think  they 
will  eventually  revert  to  the  range. 

But  the  most  important  factor  in  these  changes  has  been  the  agitation 
brought  about  in  recent  years  in  favor  of  the  passage  of  a  lease  law  by 
the  National  Congress.  This  agitation,  though  it  has  not  crystallized 
into  any  definite  action,  has  induced  many  of  the  nomadic  sheepmen, 
who  heretofore  owned  no  land,  to  invest  in  lands  in  anticipation  of  the 
enactment  of  lipase  laws,  which,  in  all  bills  thus  far  introduced,  give 
preference  to  the  actual  holders  of  landed  interests.  The  presence  of 
large  areas  of  railroad  land  in  this  region  has  enabled  many  to  secure 
from  the  transportation  companies,  by  lease  or  purchase  (usually  the 
latter),  tracts  of  land  suited  to  their  needs.  Of  course  much  of  this 
purchase  is  purely  speculative,  but  a  ver}'  large  proportion  of  the  land 
so  acquired  has  been  bought  by  those  who  are  and  have  been  for 
years  in  the  stock  business  on  the  public  domain.  As  the  railroad 
land  consists  of  alternate  sections,  the  ownership  of  these  tracts  virtu- 
ally gives  the  investor  control  of  the  adjacent  sections  of  the  public 
domain.  As  is  well  known,  our  homestead  laws  do  not  adequately 
meet  the  necessities  of  the  man  who  proposes  to  embark  in  the  stock 
business  in  the  semiarid  regions,  particularly  where  the  I'ailroads  own 
alternate  sections.  Even  a  whole  section  of  land  is  too  small  a  unit 
for  range  operations,  so  that  a  homestead  can  only  be  used  as  a  base  for 
a  tstock  range  in  cases  where  all  the  surrounding  lands  are  a  part  of  the 
public  domain.  Indeed,  the  farmer  who  raises  wheat  in  this  region 
needs  more  land  to  obtain  a  reasonable  compensation  for  his  labor  than 
he  can  secure  under  our  land  laws.  In  recent  years  most  of  the  land 
within  the  railroad  grant  has  been  brought  under  individual  control, 
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and  the  open-range  question  is  here  practically  a  thing  of  the  pa8t.  The 
greater  part  of  this  area  is  still  iinfenced,  and  the  l>oun(larie8  of  the 
(nrr  different  possessions  are  only  approximately  maintiuned,  but  much  of 
UNJij  the  land  is  being  fenced,  sei^tion  by  section,  which  permits  systematic 
j^jj  pasturing.  This  change  has  3'ielded  results  far  beyond  the  expecta- 
(f^ .  tions  of  the  ranchere. 
iIt,,       In  one  case  which  came  under  observation  it  was  estiniat<'d  by  a 

ft 

^p^  rancher  that  the  land  under  his  control  had  increased  in  grazing  capac- 
,r  {  ity  about  50  per  cent  during  the  past  two  years,  with  no  decrease  in 
j-ji^.  the  number  of  cattle  carried  on  the  entire  area.  One  section  is  i)as- 
'  tured  at  a  time,  and  grass  is  allowed  to  attain  considerable  growth 
p<^  before  being  pastured,  instead  of  being  grazed  close  to  the  ground  all 
,f .  i   the  time. 

gfj^  In  another  instance  in  the  same  vicinity  a  year's  rest  of  two  and  a 
^^  .  half  sections  of  pasture  land  had  yielded  marvelous  results.  This 
If '  land  had  formerly  been  giuzed  by  sheep,  and  the  pasture  had  In^come 
r,  so  short  that  the  owner  disposed  of  it  to  the  present  occupant,  who 
U  proposed  to  embark  in  the  cattle  business.  He  allowed  his  land  .to 
rest  one  3'ear  with  practically  no  stock  upon  it;  the  gain  in  feed  was 
remarkable. 

Much  of  this  land  is  used  as  winter  ranges  for  sheep,  whii^h  are 
either  herded  during  the  summer  months  in  the  mountains  to  the  west- 
ward or  pastured  on  the  fallow  lands  in  the  wheat-growing  regions  to 
the  east.  This  treatment  will  probably  increase  the  capacity  of  these 
ranges  to  a  maximum  in  a  few  years,  provided  the  sununer  s^nison  of 
rest  is  sufficiently  prolonged.  It  is  very  important  in  handling  th(\se 
lands  as  winter  pastures  not  to  keep  stock  on  them  too  late  in  the 
spring.  In  this  region  the  growth  of  vegetation  occurs  only  in  the 
spring,  and  stock  are  sometimes  unable,  on  account  of  snow,  to  get 
into  the  mountains  soon  enough  to  allow  much  recuperation  aftc^r  the 
season  of  grazing  before  the  advent  of  the  dry  season,  which  begins 
not  later  than  June. 

CONDITION  AND  PLANTS   OF  TH£  RANGE. 

The  best  range  seen  on  the  entire  trip,  and  indeed  the  best  open 
range  the  writer  has  seen  since  the  early  nineties  (with  the  possible 
exception  of  the  Clear  Creek  region  in  the  Big  Horn  Mountiins  of 
Wyoming  in  1898),  was  that  of  the  Okanogan  hills  in  northern  Wash- 
ington. The  generally  good  condition  of  the  feed  in  this  region  is  due 
to  the  fac^t  that  the  countrv  for  various  reasons  has  not  l)een  over- 
stocked.  A  large  part  of  this  area  is  occupied  by  the  (yolville  Indian 
Reservation,  and  some  of  the  lands  along  the  river  are  taken  up  by 
Indian  allotments  which  have  not  been  improved  to  their  full  capacity 
for  hay  production.     The  length  of  the  winters,  the  heavy  snowfall, 
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and  the  comparative  inacce«sibility  of  the  region  have  all  contributed 
to  its  protection  in  the  past.  It  is  essentially  a  summer  i-ange,  and  all 
.  stock  wintered  here  must  be  fed  for  much  longer  periods  than  in  the 
warmer  and  drier  regions  to  the  southward.  Up  to  a  year  ago  sum- 
mer grazing  had  been  practically  confined  to  stock  owned  by  actual 
settlers,  who  have  not  been  able  thus  far  to  i*aise  sufficient  winter  feed 
to  support  enough  cattle  to  overstock  the  summer  pastures.  Doubt- 
less a  very  important  factor  in  the  preservation  of  the  range  has  been 
the  persistency  with  which  the  settlers  have  prevented  sheep  from 
entering  the  territory.  The  development  of  the  river  bottoms  into 
meadows  which  will  furnish  large  quantities  of  hay  and  the  advent  of 
large  numbers  of  sheep  during  the  past  summer  will  no  doubt  change 
the  appearance  of  the  native  pastures  very  materially  in  the  next  few 
years. 

The  main  forage  plants  on  the  ranges  in  the  Okanogan  region  do 
not  differ  materially  from  those  to  the  southward  in  the  Big  Bend 
except  in  the  relative  quantity  of  feed  produced  by  the  different 
species.  The  rolling  hills  are  covered  with  a  luxuriant  growth  of 
sheep  fescue  {Festuca  ovina)^  bunch  wheat  grass  {Agropynm  spleatum)^ 
Wheeler^s  bluegrass  {Poa  wheelen)^  and  Sandberg's  bluegrass  {P(j*i 
sandbergl!)  on  the  more  rocky  and  gravelly  soil.  Nevada  bluegrass 
{Poa  ncuadenHls)  and  prairie  June  grass  {KoeJei^'m  crUtaUi)  are  also 
important  factors  everywhere  above  the  river  bottoms,  while  giant 
rye  grass  {Elymiis  candensatns)  occurs  in  large  patches  along  the  side* 
of  depressions  on  broad,  level  upland  areas,  as  well  as  on  the  edges  of 
the  more  moist  lands  along  the  river  bottoms.  Along  luvines  and 
sandy  creeks  and  river  bottoms,  bunch  wheat  grass  and  giant  r^e  grass 
are  prominent  in  the  lower  altitudes,  but  the  bulk  of  the  forage  is 
made  up  of  the  needle  grasses  {Stij)a  vnllkim^U  and  S,  colunibiaiui)^ 
with  the  introduced  weedy  brome  grasses  {Brotriits  tecti/nim)  and  ches? 
{Br(fntm  secalinus)  in  the  lower  draws  and  benches,  where  the  native 
grasses  have  been  injured  by  the  trampling  of  stock  on  their  way  to 
and  from  feeding  grounds  and  water.  On  all  of  the  lower  sandy 
benches  just  above  the  river  bottoms,  especially  those  of  the  Okano- 
gan and  Columbia  rivers,  the  feed  is  naturally  poor,  as  would  be 
inferred  from  the  presence  of  the  needle  grasses  and  the  bromes  pre- 
viously mentioned.  Occjisionally  the  stifi'er  soils  are  found  on  these 
benches,  and  bunch  wheat  grass  {Agropyron  splcafunt)  is  always  found 
in  such  situations,  adding  very  materially  to  the  feed;  but  in  general 
these  benches  are  taken  up  by  species  of  rather  inferior  quality.  Here 
also  are  found  large  areas  of  plantain  (Phintagopw-y/u'l),  which  closely 
resembles  the  Indian  wheat  {P,  fa^stiglata)  of  the  oouthwest,  but  is  of 
much  less  value,  probably  owing  to  the  fact  that  feed  is  more  plenti- 
ful here  and  stock  are  not  forced  to  subsist  upon  it.     Two  other 
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annuals  (Festuai  mi4*rmtachya  and  Jt\  ocU(tlora)  of  lo8.s  value  are  found 
on  these  benches  especially,  but  are  also  scattered  more  or  less  through- 
out the  region. 

At  the  present  time  the  forage  plants  other  than  gra.sses  are  of  little 
eonse(|uence.  As  sheep  are  introduced  the  shrubl>ery  and  weedy  plants 
will  be  utilized  to  a  greater  extent,  as  the}-  are  elsewhere  in  open- 
range  regions;  even  the  clovers  appear  to  be  of  little  conseciuenee  here. 
It  must  be  stated,  however,  that  the  observations  were  made  entirely  too 
early  in  the  season  to  estimate  the  value  of  this  class  of  vegetation. 
Kven  in  th<5  Kittitas  Valle3'  and  the  Wenatehee  Mountains,  where  these 
plants  are  of  consideiable  importance,  both  as  hay  and  jmsture,  the 
!«ason  was  not  far  enough  advanced  to  enable  one  to  judge  of  their 
value.  The  black  sunflower  (  Wyethia  anipU-rU'auUn)^  l>alsam  root 
{BaUauiorrhiza  mglttata  and  B,  canyaiui)  are  utilized  for  pasture  to 
some  extent,  especially  by  horses.  These  plants  are  of  most  imjwr- 
tance,  however,  in  the  region  lying  to  the  southwest,  es|)ecially  the 
Kittitas  and  Wenas  valleys.  On  the  range  they  are  often  grazed  (juite 
closely  by  sheep,  but  all  kinds  of  stock  feed  on  the  flower  heads  and 
the  fruit  wherever  thev  are  found. 

The  Big  Bend  region  naturally  presents  a  great  diversity  of  condi- 
tions. Some  of  it  is  covered  with  an  almost  pure  growth  of  bunc^h 
wheat  grass,  while  other  areas  have  a  mixture  of  fescues  and  l)lue- 
gmsses,  and  still  others  have  but  little  grass  and  are  covered  with  a 
heavy  growth  of  sagebrush.  Part  of  the  area  is  still  open  range, 
while  part  is  systematically  handled;  consequently  this  locality  pre- 
sents the  greatest  diversity  in  feed  conditions.  On  all  the  unprotected 
range  visited  the  feed  was  very  short.  The  greatest  amount  of  un{)ro- 
tected  countr}'  seen  was  in  the  vicinity  of  the  mouth  of  the  Palouse 
River,  where  there  was  practically  no  grass,  and  even  plantain  {Plan- 
tiujo  purHlui)  was  extensively  grazed  in  places.  Along  Cow  Crei^k, 
however,  where  the  grazing  lands  are  on  ''scab'"'  l>etween  two  wheat 
regions  and  for  the  most  part  are  under  private  control,  there  was  a 
ver}-  evident  difference  between  the  open-nmge  and  the  fenced  areas. 
In  that  part  of  the  high  plateau  between  the  Columbia  Rive/  and  the 
Grand  C)oulee  which  we  visited  there  was  excellent  feed,  owing  to  the 
recent  invasion  of  that  portion  of  the  country  by  the  wheat  grower 
and  the  inaccessibility  of  the  remaining  range  to  the  general  ningc 
herds.  The  gmsse^s  here  are  practically  the  same  as  those  on  the  Col- 
ville  Reservation.  Here,  however,  there  is  but  litth^  shrubbery,  the 
area  Inung  a  rolling  table-land,  covered  with  a  luxuriant  growth  of 
bunch  wheat  grass,  f  *vada  and  Wheeler's  bluegrasses,  sheep  fescue, 
and  prairie  June  grasi.  In  places  there  was  some  l)lack  sage  {Arte- 
tnmn  fruleiitnta)  and  my  less  golden- rod  (BiijehriHa  ijnuu'ohus)  scattered 
over  the  lower  areas  and  sides  of  ravines,  but  the  sagebrush  was  not 
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prominent  on  the  high  elevations.  After  reaching  the  Grand  Coule 
however,  we  were  never  out. of  sight  of  sagebrush  until  the  whes 
region  west  of  Ritzville  was  reached.  In  many  places  on  the  lowe 
well-drained  slopes,  there  were  large  patches  of  giant  rye  grass  {EL^ 
mils  condensatui)^  while  bunch  bluegrass  {^Poa  Id&vigata)  is  of  coi 
siderable  value  on  the  lower  portions  of  the  depressions. 

The  Grand  Coulee,  which  crosses  the  Big  Bend  country  from  noil 
to  south,  is  a  deep  gorge,  1  to  3  miles  wide,  and  was  the  bed  i 
the  Columbia  River  during  the  glacial  period.  The  portions  of  th 
coulee  visited  are  in  most  cases  very  alkaline.  In  places  tljere  is  son 
seepage  from  the  bluffs  which  has  washed  the  salt  out  of  the  so 
over  limited  areas,  and  these  produce  good  crops  of  hay.  In  tl 
vicinity  of  the  numerous  ponds  only  salt-loving  plants  are  found.  1 
one  place  was  seen  a  large  area,  half  a  section  or  more,  covered  wit 
creeping  spike  rush  (Eh^ocharis  ^xdxistriA^)^  which  was  practically  tfc 
only  fomge  plant  growing  in  this  hay  meadow.  In  the  vicinity  c 
the  numerous  ponds  salt  grass  [Dlatychlls  spieata)  abounds^  an 
grease  wood  is  always  found  a  little  farther  from  the  ponds,  while  o 
the  better-drained  lands  the  connnon  sagebrush  is  the  most  conspici 
ous  vegetation  everywhere.  The  saltbushes  {Atriplex  spp.)  are  c 
little  account  here  as  compared  with  the  Great  Basin  region  to  th 
south.  As  would  be  expected  in  such  a  fonnation  and  with  sue 
phj'sical  f-eatures,  conditions  are  quite  variable.  One  runs  into  une? 
pected  areas  of  grass  in  pockets  in  the  bluffs  where  the  vegetation  i 
whoUv  different  from  anvthinff  found  for  miles  around.  As  an  exan 
pie,  might  be  mentioned  a  shelf-like  recess  in  the  bluffs  on  the  nort 
side  of  the  coulee,  where  there  was  an  excellent  stand  of  wat€^r  foxta 
{AlopfriiruM  (jimivuhftH^)  covering  an  area  2  or  3  acres  in  exteni 
Usually  this  grass  is  not  abundant  enough  to  attract  much  attentio 
anj^where. 

On  nearh'  all  of  the  "'scab"  lands  from  here  south  along  our  rout 
to  Trinidad,  as  well  as  at  other  points  in  the  Kittitas  and  Wenas  va 
le3\s  west  of  the  Columbia  River,  the  black  sage  of  the  mountaii 
{Artemisia  arbmcul^)  predominates  over  the  common  black  sage  c 
the  lower,  more  sandy  soils.  Here  also  there  are  large  areas  of  th 
valuable  species  of  sage  known  to  botanists  ii^s  Artemisia  rigida,  Th 
diffei's  from  the  other  two  I'losely  related  species  in  having  finel 
divided  leaves  and  in  being  relished  by  stock,  more  especially  b 
horses  and  sheep.  It  was  especially'  abundant  at  Trinidad,  on  th 
western  exposure  of  the  Kittitis  Valley,  l)etween  F^phrata  and  Mosc 
lakes,  and  in  the  vicinitv  of  Lvoiis  Ferrv.  In  all  of  thase  localities 
showed  evidences  of  being  grazed  during  the  past  winter. 

As  far  as  observed,  the  areas  which  have  l)een  opened  up  to  whefi 
culture  are  not  particularly  sagey)rush  lands.  On  the  contrary,  the 
are  what  is  commonly  known  as  bunch  grass  (Agroj/f/roji  Hpleatun 
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lands,  and  the  shrubbery,  when  there  is  any,  in  niainlv  the  ravless 
golden- rod  {Bigdovm  graveolenn)^  which  is  also  sometimes  called  siire. 
This  was  the  main  shrub  on  nearly  all  of  the  wheat  lands  trayersed, 
especially  in  the  Bitzviile  and  Walla  Walla  regions.  West  of  Ritz- 
yille,  however,  at  the  present  time  wheat  ranches  are  being  o{x*nf»d  up 
very  rapidly  on  the  sandy  sagebrush  lands  8  or  10  miles  eiist  of  Moses 
Lake.  We  did  not,  however,  see  the  establishment  of  wheat  on  these 
sagebrush  areaij,  and  it  remains  to  be  proved  w^hether  the  exix»riment« 
in  wheat  growing  conducted  there  will  be  permanently  smu'essful. 

From  the  standpoint  of  quantity,  bunch  wheat  grass  {^Aijropyron 
ffpi^xttunt)  is  without  doubt  the  most  important  gi'ass  in  the  Big  lk»nd 
region,  although  the  bluegrasses  and  sheep  fescue  heretofore  men- 
tioned are  of  much  prominence  on  the  higher  elevations  as  well  as  on 
the  "scab'  lands.  Owing  to  the  rapid  extension  of  the  wheat  area, 
the  localities  where  this  gi'ass  grows  pure  are  rapidly  diminishing  in 
number.  It  may  be  said  that  the  fomi  of  the  gi-ass  which  is  so 
important  here  is  that  designated  by  botanists  as  Aijrnpyron  Hpirafiun 
inerme,  which  is  so  named  from  the  fact  that  the  chatf  which  incloses 
the  seed  is  without  awns.  As  one  proceeds  southward  even  a  short 
distance  into  the  Blue  Mountains,  the  awned  fomi  appears  and  the 
awnless  one  is  almost,  if  not  quite,  absent. 

Attention  was  called  in  last  year's  report  *•  to  the  two  forms  of  sheep 
fescue  in  the  mountains  of  Nevada,  and  it  was  stated  there  that  they 
often  grow  in  nearly  distinct  areas,  the  glaucous  fqrm  at  higher  (eleva- 
tions than  the  smooth  variety.  The  two  forms  are  found  here  also; 
but,  although  well  marked,  they  have  not  been  observed  in  separate 
areas  as  in  the  southern  desert  mountains.  As  far  as  forage  value  is 
concerned,  there  is  no  apparent  difference  in  the  two  forms. 

Although  several  newly  established  wheat  areas  were  passed  through, 
there  were  but  two  well-established  ones  on  our  route.  The  first 
extended  from  about  20  miles  west  of  Kitzvllle  to  the  '"seal)"  along 
Cow  Creek;  the  second,  from  about  8  miles  south  of  Lyons  Ferry  to 
Pendleton,  Oregon.  The  developing  areas  are  located  at  Trinidad,  on 
the  high  table-land  south  of  Conden's  Ferry,  and  at  Ephrata.  All  the 
remainder  of  the  territory  traveled  over  in  the  Stnte  is  devoted  to 
c*attle  raising,  and  all  is  pasture  land  except  such  regions  as  North 
Yakima,  Wenas,  and  Kittitas  valleys,  and  small  areas  in  the  vicinity  of 
Conconully  and  Loomis  and  along  creeks  emptying  into  the  Columbia 
River,  which  are  devoted  mainly  to  the  culture  of  hay  crops  under 
iiTigation. 

The  poorest  "scab"  land  vegetation  is  well  illustrated  ])v  a  collec- 
tion made  south  of  Ephrata,  near  the  Ferguson  ranch.  The  shru})s 
wei*e  by  far  the  most  abundant  form  of  vegetation.     I'hey  consisted 
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of  the  eriogonuniH  {Erio<j(miHii  dicfiotornura^  E,  fiph^rocejyhnlwn^  an* 
E,  thf/7/wl(lf\s) ,  tetrady  mia  ( Tetradymiti  cmiescem) ,  audibe  rtia(yl  udiberti 
iiwana)^  gilia  {GUia  punge7is\  black  »age  {Artemisia  arhuscnln)^  an 
a  little  ^1.  rUjida,  Of  these  the  eriogonunis  and  Artemisia  rlglda  ar 
of  economic  value.  The  former  are  especially  useful  as  a  browse  fo 
sheep,  as  undoubtedly  nearly  all  of  the  species  of  this  genus  are  whe 
good  feed  is  scarce.  The  herbaceous  v  egetation,  aside  from  the  gi^as^se^ 
consisttKl  entirely  of  a  scattering  growth  of  Gayophytum  raniosi^lfnui 
and  Lygodi^Hiiiia  jancea^  both  of  which  are  of  some  impoilance  as  shee 
feed.  The  gnisses  were  few,  scattering  bunch  whe^t  gmss  {Agntpyny 
splcattufi)  l)ei  ng  the  most  important,  while  there  was  an  occasiont 
bunch  of  needle  grass  {Stipa  thu/rbeftiand)  growing  up  through  th 
bunches  of  shrubs.  Fescue  {Festiica  mlerostiichya)  occurred  in  ver 
small  quantities,  and  some  of  the  root  leaves  of  Sandberg's  bluegi-as 
{P(fiii  mndi}er(jil)  were  in  evidence  where  protected  b}'  rocks.  It  is  t 
be  understood,  of  course,  that  the  al>ove  represents  the  vegetation  a 
the  time  of  observation  (July).  In  the  spring  there  are  other  short 
lived  si>ecies  which  furnish  some  feed.  On  the  better  classes  o 
''scab''  lands,  along  Cow  Creek  and  south  of  Trinidad  especially 
sheep  fescue  and  the  bluegrasses  {P(Ktj  ii^^vaderisU  and  P.  wlieeleri)  ar 
more  abundant. 

The  condition  of  the  feed  in  the  Blue  Mountains  of  Oregon  wa 
varia))le,  even  in  areas  where  meteorological  conditions  as  well  as  alti 
tude  are  very  similar.  This  is  due  entirely  to  the  method  of  handlinj 
the  i*anges.  In  the  vicinity  of  the  mountain  settlements  where  shee) 
are  excluded  the  condition  of  the  grazing  lands  is  much  better  than  ii 
the  open  country.  The  "dead  lines'"  established  by  the  ranchers 
usually  on  the  watershed  of  the  valley,  although  not  always  rigidl; 
maintained,  have  done  nmch  to  preserve  the  original  vegetation,  fo 
it  is  not  as  closely  eaten  off  Iw  cattle,  a  few  of  which  are  possessed  b; 
ever\'  rancher,  as  b}-  the  immense  flocks  of  sheep  which  are  driv^ei 
into  these  mountains  from  all  directions.  The  great  stretches  of  des 
ert  range  almost  surrounding  these  mountains  furnish  abundant  winte 
pasturage  for  sheep,  but  the  summer  supply  for  the  growing  Iambs  ii 
the  mountains  is  comparatively  limited.  The  Blue  Mountains,  there 
fore,  have  been  the  battle  ground  of  conflicting  stock  interests  whicl 
have  striven  for  the  pjist  twenty  years  for  the  major  share  of  the  fre 
grass.  The  homesteader,  b}^  protecting  small  tracts  about  him,  ha 
improved  conditions  wonderfully-  in  limited  areas.  But  those  area 
which  are  not  subject  to  individual  control  have  l)een  so  closel}^  pas 
tured  that  there  is  no  more  feed  in  some  localities  than  on  the  desert 
below.  Plate  V,  figure  1,  shows  a  moist  mikado w  on  the  north  slop 
of  the  mountains  where  tliere  should  be,  and  where  there  was  formerly 
a  luxuriant  growth  of  gnisses,  clovers,  and  sedges,  but  which  is  nov 
all  but  barren  of  vegetation.     A  complete  collection  of  the  plant 
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which  grew  here  showed  not  a  single  perennial  and  no  annuals  over  2 
inchen  in  height.     These  had  apparently  developed  from  se«»d  during 
the  previous  mouth,  aft(»r  the  .sheep  had  been  moved  to  higher  alti- 
tudes.    The  redm^tion  of  a  sedgy  mountain  meadow  to  an  ahuost  l)are 
surface,  where  nothing  is  to  be  found  but  stunted  plants  of  Xfiray^rrfHt 
hrewetK  Llnanth^iH  hurhneAHii^  knot  weed  (Polygtmum  thutfjlfinii)^  Krt- 
trti'hitim  ealiyhrnicuin^   Matrlrarta  dtHcitul^ii^  and    burnet  {Potrrtui/t 
aunHun}\  is  a  condition  much  to  l>e  deplored,  and  is  certainly  not  con- 
ducive to  the  best  interests  of  the  stock  industry.     In  she(»p  territorv 
it  can  lje  stated  that  then^^  are  few  shrubs,  aside  from  the  snow  brush 
{Cmnothu^  iWufimiM)  and  a  few  of  the  phloxes  and  gilias,  in  these 
mountains  which  are  not  browsed;  and  the  tim})er  does  not  grow  too 
thick  for  sheep  to  graze  in.     Even  the  second  growth  of  pine  (P'uum 
jfonderoaa)  is  browsed  in  many  places. 

The  forage  plants,  especially  the  grasses,  do  not  differ  material^' 
from  those  of  the  higher  elevations  in  eastern  Washington  previously 
discu*4ed.     The  conditions  are  mostly  such  as  would  1m»  re<'ognized 
only  by  the  critical  student  of  gra.sses.     Bluegi*ass<»s  (Ptni  )tf^rfid*'nM/\ 
I\  whrtlerl^  1\  aandhergil ^  and  I\  hucklryatui)^  she(»p  fes<'U(»  {Frxfura 
muna  in  both   its  forms),  bunch  wheat  grass  {A(jroj}tjro)i  Hptcaium)^ 
pniirie  June  gi-ass  (Koelerla  cHsUtta)^  short-awned  l)rome  (JlroinuH 
vtarghmtuM)^  orchard  barley  (Sltanlan  Umfjtfolnini)^  giant  ry(»  grass 
(Elymns  coiuJ^nsatruft)^  tussock   grass    {DiHchampHla   r/^/</>/V/;/<//),   and 
needle  grass  {Stlpa  ^^irldtda  and  S.  thurhrr!(nui)  are  the  main  species 
on  the  open  area.s,  while  in  upland  shad}'  places  and  in  brush  and  tim- 
ber areas  are  to  be  found  a  form  of  Kentucky  bhiegmss  (I\mi prfift'nxffi)^ 
down}'  oat  grass  {TrlHetum  nulmplcatfon)^   oat  grass  {Ihmfhonhi  nd)- 
fitnttca)^  meli<*  gra.ss  {Meltra  Muhuhfto),  and  moiinbiin  r3'e  grsiss  (AV//- 
tfim  (jlduruH)^  together  with  pine  grass  (('(trrj'  f/ff/rr/'),  which  constitute 
the  main  feed  in  these  localities  at  an  altitude  of  4,500  to  (),(MW)  feet. 
On  some  of  the  bare,  rocky  slopes  on  the  b^K^n  mnge  occurs  som(» 
clover  {Trrfofiufn  phunonnm).     This  is  seldom  so  abundant  that  seed 
cx)uld  be  collected  in  quantit}'.     Its  strong  root  systc^ni  and  geneml 
habit  in  barren  soils  would  lead  one  to  believe  that  it  might  be  of  some 
value  on   the  upland  i-anges  if  some  method  could  be  d<»vised  for  its 
propagation  so  that  seed  could  be  collected  advantageously.     Along  all 
the  creeks  and  moist  areas  throughout  the  region  fine  feed  is  produced 
by  other  species  of  native  clovers  {Trlfollinn  hcJcirifhil^  T.  njtdhifc- 
rnm^  T,  altiHuhnum^  and  T,  h}volu<*r(ttnm)^  while  in  the  same  localities 
there  are  many  species  of  sedges  and  rushes  which  are  r(»ally  of  more 
importance  than  the  gi-asses  in  many  situations.     In  these  more  moist 
localities  are  also  found    mountain   timothy  {Phh*\tm  (dj/mutn)  and 
whitetop  {A(jr(ffit!t<  anpin^fnlUi), 

The  numerous  pastures  in  the  vicinity  of  the  settlements  are  used  almost 
entirely  for  winter  grazing,  the  stock  feeding  upon  the  open  ranges  dur- 
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ing  the  summer  season.  When  not  pastured  too  late  in  the  spring, 
these  were  in  good  condition.  Very  often  they  appear  ovei^stocked, 
with  the  result  that  the  weedy  plants  predominate  to  a  remarkable 
degree.  A  collection  of  plants  made  in  one  of  these  mountain  pastures 
in  Camas  Prairie  will  illustrate  the  effectof  too  close  grazing,  especially 
when  the  frost  is  going  out  of  the  ground  in  the  spring.  This  was  an 
open,  rocky  meadow,  with  stiff  clay  soil.  There  was  here  originally 
a  good  pasture  of  Sandberg's  bluegi"ass,  bunch  wheat  gi'ass,  sheep 
fescue,  Wheeler's  bluegrass,  Nevada  bluegi'ass,  and  prairie  June  gi'ass. 
These  are  now  very  thin  and  scattering,  having  been  trampled  out  to 
a  large  extent  in  late  May  and  earlv  June  when  no  stoct  should  have 
been  allowed  in  the  fields  on  account  of  their  soft  and  miry  condition. 
The  following  species  were  the  abundant  and  conspicuous  plants  in  the 
pasture:  Yarrow  {AehUlea  mni^foliun))^  black  sunflower  {Wyethia 
anipleivlcmdlH)^  arnica  {Arnlai  alpina)^  erigeron  {Eruferon  apliaruictu^n 
gaillardia  {Galllardla  ansfffta),  balsam  root  {Baharrifyn^hiza  itwaua)^ 
lupine  {LuplmuH  HuljyhureiiH)^  ClarJcla  pulvlielJii,,  onion  {AUhnn  madi- 
duin)^  ]Vfivar7*f'fia  hrewt^r!^  ])hlox  {r/d/},rgra^U?^)^  gilm  {(film  aggre- 
gata)^  eriogonum  {Erlog(mum  Ju^aclmdeH)^  geum  {Geum  trlfoliujn)^ 
PenMemon  iitteimaiuH^  Serophularin  orihoaarpus^  Defichampsm  raly- 
clna^  knotweed  {Polygonum  dougUtsn)^  Loinatium  l<pU>carpxim ^  calo- 
chortus  {Calochort HH  luiitallii)^  and  Sedum  dmigl^iHii.  Practically  all 
of  these  were  in  bloom  when  the  collections  were  made,  and  the  field 
had  the  appearance  of  a  flower  garden  rather  than  a  pasture. 

A  similar  substitution  of  native  plants  of  little  or  no  forage  value 
for  the  true  grasses  is  common  in  the  region,  as  well  as  in  similarh' 
treat4»d  areas  in  the  more  moist  regions  of  Washington.  Such  substi 
tutions  are  usually  more  noticeable  in  humid  mountain  areas  than  on 
the  lower  deseit^s,  for,  in  the  latter,  when  the  scattering  bunches  of 
grasses  are  killed  out,  thiM-e  is  often  nothing  to  take  their  place.  One 
of  these  overgrazed  native  pastures  in  the  wheat  region  west  of  Ritz- 
ville,  Wash.,  is  shown  in  Plate.  IX,  figure  1.  For  a  list  of  the  shrubs 
grazed  by  sheep  the  reader  is  referred  to  subsequent  pages,  which 
discuss  the  conditions  in  the  Warner  Mountains  of  California,  and  to 
Bulletin  No.  15  of  the  Bureau  of  Plant  Industry,  U.  S.  Department 
of  Agriculture.  It  may  be  stated  that  no  black  sage  was  seen  in  the 
Blue  Mountains,  except  small  patches  of  ArtemtHin  arhuscula  on  the 
north  slope,  until  Bear  Valley,  near  the  Great  Basin  drainage,  was 

rea(»hed. 

» 

As  far  as  general  vegetation  is  concerned  the  Warner  Mountains  of 
California  do  not  differ  materially  from  the  Blue  Mountains  of  Oregon; 
at  least  the  main  featun^s  are  the  same,  and  the  general  topographical 
features  are  very  similar.  The  water  supply,  however,  is  much  bett^er 
in  the  mountains  first  mentioned.  Indeinl,  it  v/ould  bo  difficult  to  find 
an  open  range  region  where  water  is  better  distributed  than  in  the 
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Warner  Mountains  to  the  east  of  Jess  Vallev.  These  conditions  have 
been  taken  advantage  of  to  a  detrimental  extent  by  the  immense  flocks 
of  sheep  which  winter  on  the  deserts  to  the  southward  and  eastward 
in  Nevada  and  Oregon.  One  characteristic  feature  of  those  portions 
of  these  mountains  is  the  abundance  of  browse  plants,  which  make 
them  especially  attractive  to  the  sheep  grower.  Sheep  need  a  change 
of  ration  in  order  to  thrive  to  the  best  advantage,  even  if  that  change 
be  to  weedy  pastures,  which  are  ordinarily  considered  of  little  value. 
Often  they  appear  to  be  benefited  by  such  a  change  from  a  good  grass 
pasture.  This  testimony  of  the  herder  is  substantiated  by  the  fact 
that  when  grass  is  abundant  the  sheep  will  feed  on  such  bitter  plants 
as  the  willow,  poplar,  and  some  of  the  so-called  sunflowers  previously 
mentioned.  In  this  region  such  shrubby  plants  as  the  gooseberry 
{Bibeif  lacvstre^  S.  hdeum^  R.  cerev/m^  and  R,  aureum)^  snowberry 
[Sympfu^ricarpos  oreopJdlwi)^  willow,  poplar,  mountain  ash  {Ihfnis 
mmhucifolia)^  service  berry  {Anulanchiei*  alnifolia)^  and  Purnhia 
tridentata  are  verv  abundant.  At  the  time  of  this  visit  immense  num- 
bers  of  sheep  were  practically  subsisting  on  these  plants.  There  really 
was  no  grass.  Even  the  banks  of  the  rivulets  were  chopped  up  by 
the  incessant  tramping,  and  the  steep  hillsides,  protected  b}^  j&gged 
rocks,  were  dusty.  The  writer  has  never  seen  a  more  deplorable  con- 
dition than  existed  here.  The  sheep  region  was  visited  about  the  1st 
of  August,  and  sheep  were  supposed  to  remain  there  two  months 
longer.  It  is  difficult  to  imagine  what  the  animals  could  find  to  live 
on.  On  an  area  shown  in  Plate  VI,  figure  2,  the  snowlierries  had  l^een 
cropped  so  that  there  was  nothing  left  but  short,  barked  stumps  and  old, 
wood}'  stems.  This  is  in  the  vicinity  of  an  old  corral,  but  photographs 
taken  in  the  same  region  show  that  similar  conditions  exist  over  a 
large  part  of  the  mountains. 

The  range  regions  traversed  between  the  Blue  Mountains,  in  Oregon, 
and  Keno,  Nev.,  with  the  exception  of  the  Warner  Mountains,  have 
much  in  common.     The  mesa  region  does  not  diflfer  greatly  in  appear- 
ance, although  the  black  sage  of  the  northern  part  is  almont  entirely 
replaced  to  the  southward  over  large  areas,  especially  in  the  vicinity 
of  the  Black  Rock  and  Smoke  Creek  deserts,  as  well  as  in  the  Hum- 
boldt Valley,  by  the  saltbushes,  hop  sage,  bud  sage,  red  sage,  and 
white  sage.     These  sage  plants  are  of  much  more  value  as  winter  feed 
than  the  saltbushes.     In  this  general  region  eight  sinks  were  passed 
over.     Some  of  these  had  water  in  them  in  places,  but  for  the  most  part 
they  were  dry,  the  surface  being  smooth,  showing  level  narrow  fissures, 
and  having  no  vegetation.     The  main  areas  of  this  chamcter  seen  were 
vnthe  Harney,  Guano,  and  Catlow  valleys,  in  Oregon;  Surprise  Valley, 
in  California;  and  Long  Valley,  Smoke  Creek,  Black  Rock,  Humboldt 
S\uk,  and  White  Plains,  in  Nevada.     All  of  these  areas  located  in  the 
lower  portion  of  thcAr  drainage  basin  have  as  a  first  distinct  zone  of 
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vegetation  salt  grass  {Di^tlchlw  njyicata)  and  bordering  it  grease  wood 
{Sarciibatus  'venfiieulufns).  These  are  in  turn  surrounded  by  the  usual 
shrubs  of  the  desert.  In  places  where  the  drainage  watei's  empty  into 
the  basins  the  vegetation  is  of  course  very  much  modified.  It  is  here 
that  the  ranches  occur,  and  it  is  upon  the  impounding  of  the  spring 
waters  which  reach  these  sinks  that  the  reclamation  of  these  deseiis 
depends.  These  ureas,  however,  are  now  no  part  of  the  range,  but 
they  serve  for  the  culture  of  winter  feed  for  st(xtk  and  are  in  the 
main  patented  holdings.  The  condition  in  the  higher  mountains  was 
discussed  in  Bulletin  15 of  the  Bureau  of  Plant  Industry,  U.  S.  Depart- 
ment of  Agriculture,  to  which  the  reader  is  referred. 

Surrounding  many  of  these  desert  sinks  a  pex'uliar  condition  exists 
as  regards  the  distribution  of  vegetation.  On  the  edges  of  the  major- 
ity of  them  there  are  sandy  drifts  of  varying  magnitude,  in  which  all 
of  the  desert  shrubs  may  be  found  growing  promiscuously.  These 
accumulations  of  earth  are  derived  from  the  desert  ])a.sins  during  the 
dr}',  windy  weather,  and  they  are  consequently  very  different  from 
the  ordinary  sand  dune,  inasmudi  as  they,  as  well  as  the  desert  liasins 
themselves,  are  very  alkaline,  the  salts  l>eing  blown  out  during  the 
dry  season.  The  vegetation  of  one  of  these  dunes  in  Long  Valley, 
Nevada,  will  serve  as  an  illustnition.  There  api>eared  in  these  mounds 
grease  wood  {Sarcohatm  vet*mleulatu^)^  l)lack  sage  {Arfrnif\^m  tr!- 
dentata)^  ])ud  sago  {Artemisi<i,  ^j>!7iet<cen4<)^  hop  sage  {Gr<njiii  .sphiona)^ 
and  salt})ush  {Atr!ph\r  e<mf(>rtifolla).  On  the  '\sleek  desert''  sides  of 
these  mounds  occurred  a  scattering  growth  of  salt  grass,  sometimes 
extending  over  the  mounds,  while  on  the  edge  of  the  more  salty  areas 
were  also  scattering  growths  of  suaeda  {Ihmdla  ilipreasa  erect  a)  and 
iodine  weed  {Sj)!rost{fe/tf/s  occidental  is).  None  of  these  shrubs  except 
the  first  mentioned  is  to  l)e  considered  a  salt-loving  plant,  but  all  were 
able  to  thrive  here,  doubtless  because  th(»y  l)ecame  estH))lished  In^fore 
the  drifts.  For  the  same  reason  they  are  not  to  l>e  considered  sand 
binders,  although  they  did  serve  that  useful  purpose  here. 

The  feed  on  the  desert  m(»sas  of  Catlow  Valley  is  furnished  almost 
entirely  by  needle  grass  {Stipa  thiwheruuui)^  orchard  barley  {Sitanum 
longtfoHuin  and  S,  vUlonion)^  prairie  June  grass  (Kiteleria  cinstata)^ 
wheat  grf\}^ii  {A(jropi/rfm  sp.«  G.  &  H.  No.  8(H)),  Indian  xnWlet  { Or i/- 
zopHff< ctf^j}f(l(ft(f)^  and gmnt  rye  grass  {Elymun  condefhsatt/f^).  To  these 
should  be  added  NuttalTs  saltbush  {Atrfptt.e  )nitt(dlil)^  which  grows 
here,  as  is  conmion  with  this  species,  almost  pure  in  irregular  areas, 
usually  of  a  few  acres  in  extent,  in  the  general  sage])rush  mesa.  The 
gnisses,  it  must  be  understood,  are  in  small  scattering  bunches,  and  it 
would  doubtless  tjike  more  than  50  acres  to  support  a  steer  for  one 
year  on  the  genenil  mesa.     The  conditions  d(\scribed  in  Steins  and  Pine 

«ThiH  HjK'cies,  although  quite  abundant,  wan  not  socurhI  in  j)n.>]>er  condition  for 
determination. 
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Forest  mountains  in  la^st  year's  report  apply  equall}'  to  i\w  f(M)thill8 
and  mountains  here  and  need  not  bo  repeated. 

One   hundred  miles  south  of  this  region,  in  the   vicinity  of  the 
Black   Ro(*k   desert   in    Nevada,    the  conditions    are   vi»rv   different 
although  the  general  appeai'anee  of  the  two  regions  is  similar.     In  the 
more  southern  loi^ality  the  black  sage  is  almost  absent  on  the  general 
mesa,  being  confined  to  the  higher  elevations  in  the  hill.s  and  moun- 
tains, as  is  the  ca.se  over  large  .stretches  on  the  gently  sloping  hillsides 
surrounding   the   Bla<^k   Rock  desert,  as  well  as  in   the  vicinity  of 
Lovelock.     Saltbush  (Atriph<r  c(mfiTtifolia)  is  the  one  des«'i't  shrub 
and  practically  the  only  plant  in  evidence  at  this  time  of  the  3'ear 
over  very  extensive  areas.     The  vegetation  in  the  vicinity  of  IV)iling 
Butte  will  serve  as  a  representation  of  the  floi-a.     Quite  a  collection 
was  made  here  from  the  ''sleek"  Black  Rock  desert  to  the  top  of  the 
butte.     The  first  plants  in  the  edge  of   the  deserts  are  iodine  weed 
(SpiT^osUu'fiyH  orrldi'titaliit)  and  pahute  w^eed  {Doiulla  dt-preaMi  e^reciii) 
in  bunches  along  the  edges  of  the  detjert.     These  are  followed  in  turn 
by  a  scattering'  growth  of  salt  grass  (DintichJiH  Hplcata)^  grea.se  wood 
(Sarcobatn^  7^f*rm!m/aim)^  and  .saltbush  (Atrijyh-a*  torre[fi).     The  latter 
thrives  on  more  alkaline  areas  than  the  grease  wood.     On  the  general 
mesa  are  sc'attering  growths  of  shrubbery  such  as  saltbush  (Atnphx 
**mffT(tfofia)^  bud  sage  {Artemhki  ftj^meMcevx)^  tetradymia  {Trfrady- 
tiun  Hj/h)/mft)^  red  sage  {Kttchia  (tineriatmi)^  hop  sage  {(r rat/ hi  xj^nostf)^ 
ray  less    golden -rod    ((^hryfuftharinnis    rmfirfiff^^-rtf^),    and   white    sage 
(Ffiroiia  hnutfa).     All  of  the  me-sa  plants  extend  up  the  si(h»  of  the 
butte  for  a  consideral)le  distance  and  the  red  sage,  hop  sage,  and  white 
sage,   t.ogetlu»r  with    Tetrddymta  fnuescmH  extend    to   the  very   top, 
where  there  are  also  found  Enixftrnain  diehotounfm^  K,  inirt'ofhrrnnH^ 
and  7s'.  hf^mtaiti!^  (Tfiia  jHiiKjrns^  lK»d  sti'aw  (^(ralnnn  iindttifor^nn)^  and 
J^yg^nlexintn  sphmmi.     The  ])laek  sage  does  not  appcMir  (»xcept  at  the 
higher   altitudes   about   600  feet  above  fhe  general   nu\sa.     On   the 
buttes  there  was  a  little  Buckley's  bluegrass  (Pn<i  htfrlhytoia)^  while 
Indian  millet  {OryzopnlH  niJfj>ldata)  was  found  on  the  sandy  knolls  on 
the  mesa.     The  shrubber3%  however,  is  the  most  importiuit  feed,  and 
all  of  the  varieties  mentioned  are  utilized,  with  the  (exception  of  the 
ra^'less  golden-rod  and  the  gilia.     On  the  higher  Oranite  Mountains 
to  the  northward  there  is  a  scattering  growth  of  juniper  and,  of  course, 
more  feed,  consisting  of  species  of  clovers  and  sedges,  together  with 
the  ))luegrasses  and  sheep  fescue  already  mentioned  for  the  region. 
The  feed  in  the  vicinity  of  the  hot  spring  was  in  striking  contrast  to 
that  of  the  mesa  and  desert.     The  most  conspicuous  i)lant  in  tht*  watei* 
is  bulrash  {Srhpuji  ohif^i)^  which  is  found  even  in  the  middle*  of  tlie 
stream  a  short  distance  from  the  ])oiling  spring.     Farther  along  where 
the  water  was  cooler,  beard  grass  {Polypogon  ino)tf<2n'IJenf<lH)^  Sr/rj>Ns 
(imeri<^anv^^  and  prairie  bulrush  {Scirpus  cavip&Hirii^)  throve.     Farther 
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removed  from  the  hot  water,  and  evidently  in  earth  containing  con- 
siderable soluble  salt,  were  small  areas  of  giant  rye  gi'ass  {Elym.us 
condensatus)^  wild  wheat  {ElymiuH  triticoides^^  and  squirrel  tail  {Hor- 
deum  jvhaturn).  Everywhere  there  was  a  robust  growth  of  salt  grass, 
which  was  verv  heavilv  cx)vered  with  the  secretion  so  characteristic  of 
it  in  this  region.  All  these  were,  of  course,  grazed  to  a  large  extent. 
Attention  is  called  to  the  fact  that  our  animals  refused  to  feed  on  the 
salt  grass  here  for  the  first  time,  owing,  no  doubt,  to  this  covering  of 
salt. 

In  places  on  the  edges  of  the  desert  there  is  another  salt-secreting 
plant  Emianns  higel/wii  (?)  (No.  635  Griffiths  and  Hunter),  which  the 
writer  has  met  with  sevei*al  times.  It  is  always  most  abundant  and  is 
most  abundantly  supplied  with  the  secretion  in  the  vicinity  of  }>orax 
deposits.  Last  year  it  was  found  to  be  very  common  near  Wild  Horse 
and  again  at  this  place.  The  salt  secreted  by  this  plant,  however,  is 
very  different  from  that  of  the  salt  gi'ass,  inasmuch  as  it  assumes  a 
cr^^staline  structure  when  dry. 

About  4  miles  from  the  hot  spring  mentioned,  we  came  across  a 
very  peculiar  cool  spring  in  the  middle  of  the  Black  Rock  desert. 
The  area  immediately  surrounding  this  spring  is  interesting  in  show- 
ing the  plants  that  thrive  to  the  best  advantage  in  this  strikingly  alka- 
line situation,  especially  since  all  those  which  grow  here  are  of  value 
for  gi'azing  purposes.  This  spring  was  situated  in  a  hillock  about  12 
feet  high  in  the  middle  of  the  level  salt  desert.  The  water  formerly 
broke  out  at  the  top  of  the  mound,  but  now  comes  from  the  side  and 
runs  only  a  few  feet  before  it  sinks  into  the  ground.  There  was  a 
scattering  growth  of  salt  grass  all  around  the  hillock  and  on  the  shady 
side  a  thick  growth  of  grease  wood.  The  seepage  i-an  out  on  the 
desert  about  50  feet  and  sank  into  the  ground.  A  pat<*.h  of  squirrel- 
tail  {IIordfHiiH  jiihatuin)  and  Sdrpm  americanns  was  growing  in  the 
seepage  water.  This  was  pi"actically  the  only  pasturage  found  for  our 
animals  on  the  entire  trip  of  100  miles  from  Deep  Hole  to  Lovelock. 
The  plants  specified  above  formed  the  only  vegetation  aside  from  some 
of  the  blue-green  algae  forming  a  scum  over  the  entire  surface  of  the 
ground,  which  was  kept  moist.  The  water,  although  cool,  was 
intensely  alkaline. 

It  is  to  be  understood,  of  course,  that  the  region  which  was  traversed 
between  Smoke  Creek  and  Lovelock  is  used  mainly  as  a  winter  range 
for  sheep.  There  are  in  this  region  a  few  cattle  camps,  and  the  Deep 
Hole  Company  has  control  of  the  (Jranite  Mountain  region,  in  which 
there  is,  of  course,  better  feed.  In  places  between  Rabbit  Hole  and 
Lovelock,  and  especially  eastward  from  Pyramid  Ijake,  there  are  very 
extensive  areas  of  white  sage  {Eurotia  kniata)  on  the  mesas  and  foot- 
hills and  very  often  extending  into  the  mountains.  The  finest  areas 
of  this  plant  seen  were  located  20  miles  or  so  north  of  Lovelock  and 
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in  the  vicinity  of  R^'e  Patt'h.  This,  together  with  saltbush  {Atriplex 
eonffrf{fofvi)^  hud  sage,  hop  .sage,  and  red  sage,  constituted  the  main 
tirow.si^,  while  the  gi'ass  feed  is  produced  mainly  by  Indian  millet 
( Oryzoj^iM  cuifjfidatn)  on  the  lower  sandy  areas  and  Buckley's  hluegrass 
(Poa  hiu-Meyana)^  Wheeler's  bluegrass  {Poa  wheeler t)^  and  a  little 
sheep  foscue  on  the  higher  areas.  Very  little  of  the  latter  was  seen 
in  this  vicinity,  but  it  was  very  abundant  in  the  pine  forest  mountains 
to  the  northeast  of  here  last  year. 

The   condition  of  the  feed  now  as  compared  with  former  times  is 
verj'  difficult  Xf^  estimate.     There  has  been  so  little  attention  paid  to 
the  pureh'  winter  grazing  grounds  that  there  are  but  few  data  regard- 
ing  them.     Water  is  so  scarce  here  that  pisturing  is  possible  only 
when  there  is  a  heavy  fall  of  snow,  and  the  character  of  the  vegetation 
is  such  that  it  is  of  but  little  value  except  for  winter  feed.     Conse- 
quently' the  thousands  of  .sheep  which  winter  in  the  region  live  on 
browse  of  the  desert  during  the  winter  months.     If  the  snowfall  is 
copious  they  are  able  to  get  down  to  the  mesa,  but  during  dry  winters 
thej-  feed  around  the  summits  of  the  mountains,  within  traveling  dis- 
tance of  snow,  which  is  often  their  only  source  of  wat(>r  for  several 
months  of  the  year.     It  is  to  be  understood,  of  course,  that  many 
floc'ks  of  sheep  congregate  around  such  places  as  Ix)velo<'k  and  Carson 
Sink  for  the  purpose  of  obtaining  hay  for  a  portion  of  their  wint<»r 
ration,  and  thousands  are  driven  here  to  be  fattened  for  the  markets. 
Consequently  this  desert,  which  to  the  ordinary  observer  has  n(»ither 
feed  nor  water,  is  of  great  importance,  for  it  supplies  feed  \A  a  coarse 
kind  upon  which  thousands  of  sheep  |>ivss  several  months  without  other 
expense  than  herding.     As  stated  in  last  year's  report,  thcM'c*  is  need 
of  clase  study  of  the«e  ranges  in  the  winter  season,  something  which 
has  not  yet  been  attempted. 

Although  the  feed  is  mainly  browse,  there  occurs  somewhat  of  a 
change  of  ration  between  late  fall  and  spring.  The  white*  sage,  red 
sage,  hop  sage,  and  saltbush  are  mainly  of  value  as  early  winter  for- 
age, while  the  bud  sage  l)ecomes  valuable  in  late  winter,  when  the  Imd- 
like  twigs  begin  to  develop,  the  young  leaves  and  tender  shoots  being 
relished  by  all  stock.  At  this  season  there  are  also  many  winter 
annuals,  which  are  eaten  b}'  sheep  especially. 

MEADOWS  AND  HAT  CHOPS. 

The  main  cultivated  crops  throughout  the  region  described  are  four 
in  number — ^alfalfa,  timothy,  rodtop,  mid  grain.  Throughout  the 
entire  region  alfalfa  is  the  main  irrigated  crop,  especially  in  the  lower 
areas,  while  along  the  higher  courses  of  streams  in  poorly  drained 
areas  timothy  and  redtop  are  extensively  grown.  Grain  for  ha}'  is 
the  common  and  prevalent  crop  in  the  wheat  areas.     In  the  North 
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Yakima  reg-ion  considerable  clover,  orchard  g'l'ass,  and  Kentuck}'  blue- 
^i^jiss  are  raFstHl,  the  lattcn*  usually  for  pasture.  While  hluegrass 
thrives  here,  it  is  not  considered  a  paying  crop  for  hay,  e,si)eciall\' 
when  conipan*d  with  timothy  and  alfalfa. 

ALFALFA. 

It  is  not  necessary  Uy  ^o  into  details  rejij^irdinjsf  alfalfa,  as  its  tjrowth 
in  this  fronemi  region  has  recently  he(»n  discussed  at  considerable  length 
by  a  uumuIhu'  of  the  office  stnff.^  Some  additional  ix)ints  with  refer- 
ence to  it,  howi»ver,  are  of  sufficient  importance  for  record  at  this  time. 

It  is  unusual,  especially  in  the  West,  to  attempt  to  grow  alfalfa 
without  irrigation,  but  a  few  experiments  observed  app(*ar  to  indicate 
that  production  in  this  way  may  become  of  some  importance  in  ceiljiin 
favored  localities.  Two  small  an^is  with  no  irrigation  whatever  were 
seen  near  Prescott,  Wash.,  which  bore  much  promise.  The  l)est  of 
these  was  on  the  farm  of  T.  L.  Mallov,  about  7  miles  from  Prescott. 

* 

This  had  not  been  cut  when  seen,  but  it  would  yield,  apparently,  al>out 
2  tons  of  dry  feed  per  acre.  Another  area  a  short  distance  west  of 
Ritzville,  in  the  same  State,  also  showed  considerable  promise.  Here 
it  was  evidently  intend(*d  t-o  be  used  as  a  summer  pasture  for  hog-s. 
The  growing  of  alfalfa  without  irrigation  disserves  attention,  for  thei*e 
are  probably  many  limited  areas  in  this  general  region  where  it  can  lie 
grown  successfully  without  the  aid  of  an  artificial  water  supply.* 

The  ability  of  this  ci-op  to  withstand  large  anmunts  of  soluble  salts 
in  the  soil  was  especially  noted  at  Lovelock.  It  is  truly  remarkable 
what  has  be(»n  done  in  th(»  u})j)er  s(^ttl(»ments  here  in  the  reclaiming  of 
alkaline  d<»sert  lands.  Much  of  the  liest  alfalfa  land  above  Ix)vel<K*k, 
where  the  finest  crops  are  now  gi-own,  was  recently  what  is  popularly 
known  as  "'  hillv  grease-wood  land,''  which  is  alwavs  alkaline.  This 
land  is  charact(U'ized  bv  having  a  rather  lu^avv  growth  of  grease  wood 
and  saltbush  {Af/'fph.i'i(trrrff(itifi)^  with  the  bushes  as  a  rule  situated 
on  mounds  1  to  3  fe(»t  high,  making  of  the  generally  level  plain 
a  very  rough  and  uneven  surface.  Bc^fore  th<»  land  can  be  handled  at 
all  the  brush  must  be  gott(^n  rid  of  and  the  mounds  nuist  be  leveled 
off;  then  comes  the  tjisk  of  getting  an  alfalfa  crop  established.  To 
one  who  is  not  an  ex])ert  in  alfalfa  cultuiv  the  task  would  appear  hope- 
less. A  grain  crop,  usually  wdieat  or  barley,  is  raised  for  one  or  two 
3'ears,  until  the  land  is  subdued,  when  alfalfa  is  sown,  in  the  majoritj' 
of  cases  without  a  nurse  crop.  The  surfaci*  salt  in  the  heaviest  deposits 
is  removed  hy  flooding  and  draining  ra])idly  just  before  the  seed  is 

«A.  S.  Hitchrock.  CnltivatiHl  F<>rajr<^  Crops  of  tlu*  Northwostorn  States,  Bulletin 
No.  .'U,  Bureau  of  Plant  Industry,  V.  S.  ncpartinrnt  of  Aj^ncultnro,  1903. 

'^Alfalfa  is  prown  cjuite  sur<'(*ssl*ully  witliout  irriuation  in  the  wlu'ut -growing  dis- 
tricts of  eastern  \Va.sliinj^ton.  yieldinjij  one  and  sometimes  two  cuttings  a  year. — 
W,  J.S. 
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80wn,  when  this  is  posiiihle.  When  oiu*e  the  plants  have  become  estaFi- 
li:?hed  and  a  soil  cover  is  obtained  the  r>attle  api)ears  to  J)e  nearly  won, 
for  with  a  very  moderate  amount  of  water  these  soils  pr(Kliu;e  niueh 
better  crops  than  the  lighter  J)ett^r  drained  nonalkaline  areas.  Con- 
stant c-are  is  necessary,  however,  for  the  breaking  of  the  »i>il  <*over 
over  a  siiuill  area,  due  to  inii)erfect  seeding  or  t<K)  great  an  accunmla- 
tion  of  salt  in  the  surface  layers,  soon  allows  salt  g!"ass  to  g(»t  a  f(M>t- 
hold,  and  this  needs  no  encouragement  in  such  soil  to  tiike  pH>ssi»Ksii)n 
very  nipiilly.  With  such  a  limited  supply'  of  water  as  has  lKM»n  avail- 
able during  the  jMist  few  years  it  luis  evidently  licen  exce<Klingly  dif- 
ficult to  get  a  crop  established.  Mr.  A.  F.  Campbell  showed  some 
areas  in  one  of  his  fields  where  it  took  five  years  to  establish  tin*  crop. 
It  is  a  common  thing  here,  it  is  said,  to  see  |K)rtions  of  a  field  whii-h 
raise  tine  crops  having  a  very  noticeable  accunmlation  of  sidt  on  the 
surface  in  the  early  spring.  This  disapi)ears  with  the  esti&t)lishment 
of  a  soil  cover.  Indeed,  several  such  areas  were  jK)inted  out,  and  in 
one  catH*  unmistakable  crusts  of  salt  formintr  after  the  cutting  of  the 
second  cn)p  were  seen.  Of  coui-se  the  nmrgin  lietween  succt^ss  and 
failure  under  such  conditions  is  very  naiTow,  but  the  successful  cul 
ture  of  alfalfa  on  such  lands  points  to  this  legume  as  the  k»ading  and 
most  promisiug  alkali-n*sisting  fonige  crop. 

The  greater  part  of  the  alfalfa  in  the  valley  is  raised  for  sale,  although 
there  are  many  large  holders  who  feed  all  and  more  than  they  can  ])ro- 
duce  themselves.  In  August,  when  this  region  was  visit<»d,  the  crop 
was  selling  at  §5  per  ton  in  the  stack,  or  §7.50  per  ton  Imled,  f.  o.  b. 
at  Lovelock.  Information  from  scn'eral  sources  indicates  an  average 
yield  of  4  tons  per  acre,  and  the  cost  of  handling  it  is  (»stimat4»<l  at 
a>)out  %{y  per  acre.  This  leaves  a  clear  profit  of  al)out  #14  jkm*  a<-re. 
It  is  not  surprising  under  the  circumstances  that  alfalfa  land  com- 
mands high  prices,  nor  is  it  strange  that  more  land  is  brought  under 
cultivation  than  the  water  supply  justifies. 

TIMOTHY    AND    KEDTOP. 

The  methods  of  handling  timothy  and  redtoj),  (^specially  along  the 
upper  courses  of  stnnims  and  narrow  bottoms,  and  the  reasons  for  the 
same,  are  of  interest.  A  very  large  proportion  of  these  two  crops, 
except  in  the  Ellensburg  region,  in  Washington,  along  our  \hn\  of 
travel  from  Wenatchec  to  the  British  border,  in  the  Blue  Mountiiins, 
along  the  Blitzen  River,  and  in  the  Warner  Mountains  of  (/alifornia, 
is  raised  on  uncultivated  land.  The  small  amount  of  lalK)r  involved 
doubtless  accounts  for  this  method  of  handling  the  crops,  but  in  many 
localities  it  is  rendered  necessjiry  b}'  the  difficulty  of  glutting  on  the 
land  in  the  mountain  regions  until  very  late  in  the  spring,  because  of 
the  excessively  moist  condition  of  the  soil.  Again,  in  many  situations 
where  magnificent  crops  of  timothy  and  redtop  are  raised  it  is  rather 
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risky  to  plow  the  ground,  for  in  narrow  bottoms  through  which  large 
volumes  of  water  flow  at  certain  seasons  of  the  year  the  breaking-  of 
the  land  would  result  in  all  loosened  portions  being  carried  away  by  the 
first  freshet.  After  this,  gullying  would  follow  very  rapidly.  In  a 
state  of  nature  the  sedges  ( Oare^'  spp.)  and  the  native  clovers  form  very 
effective  soil  binders  in  these  places,  and  to  disturb  them  without  at  the 
same  time  introducing  other  plants  which  serve  the  same  puipose  would 
be  hazai'dous.  The  feed  produced  by  these  sedges,  however,  is  rather 
small  in  quantity  and  often  poor  in  quality,  especially  when  hay  is  desired. 
The  rancher  therefore  introduces  timothy  and  redtop  and  supplants 
the  native  foi*age  plants  and  soil  binders  without  disturbing  the  soil. 
There  appears  to  bo  no  established  time  for  seeding.  Often  the  seed 
is  scattered  on  the  snow.  Sometimes  it  is  sown  in  the  fall  and  at 
other  times  in  the  spring,  apparently  with  equally  good  results. 
Along  the  Okanogan  River  and  Cow  Creek,  in  Washington,  as  well  as 
in  the  Warner  Mountains,  in  California,  man\^  tields  of  timothy  were 
seen  which  were  established  in  this  way.  (PI.  VII,  fig.  1.)  Some 
fields  yield  as  much  as  two  and  a  half  tons  per  acre.  Along  the  Okan- 
ogan and  other  .streams  in  north  central  Washington  there  is  a  great 
deal  of  brush,  especially  willow,  alder,  and  wild  rose.  The  pi'actice 
is  to  cut  and  grub  these  out,  burn  the  brush,  and  scatter  timothy  and 
redtop  seed  at  the  first  f avoidable  opportunity.  Of  course  mm'h  more 
seed  is  required  when  the  land  is  not  plowed,  and  it  usually  takes 
several  years  to  secure  a  good  stand.  Along  Cow  Creek  some  meadows 
established  twenty  years  ago  on  sod  are  in  reasonably  good  condition 
to-diiy,  although  they  have  })een  cut  for  hay  and  pastured  during  the 
winter  ever}'  year.  The  Gundlai'h  lyive  Stock  Company,  whose  hold- 
ing? lie  between  Smoke  Creek  and  the  Black  Rock  deserts,  in  Nevada, 
follows  the  practice  of  running  a  clod  crusher  over  its  meadows  in  the 
spring  after  the  cattle  are  taken  off,  in  order  to  break  up  the  manure 
which  would  otherwise  be  raked  into  the  hay  the  following  season. 
Alsike  dov^er  sown  with  redtop  and  timothy  here  seems  to  thrive 
better  than  red  clover,  and  timothy  is  in  time  run  out  })y  redtop. 
Neglected  and  improperly  drained  meadows  are  injured  very  much  by 
the  encroachment  of  sedges  and  rushes,  with  salt  grass  and  small  cord 
grass  {SjHirfina  (jravUlx)  appearing  in  the  more  alkaline  portions. 

The  amount  of  timothy  and  redtop  seed  scattered  on  uncultivated 
laud  in  this  region  is  very  great,  some  large  holders,  such  as  the 
French-Glenn  Live  Stock  Company,  on  the  Dunder  and  Blitzen  River, 
and  Babcock  &  Benson  and  P.  H.  Schneblv,  in  the  Wena tehee  Moun- 
tains,  using  seed  in  ton  lots.  The  two  last-named  holders  are  just 
inaugurating  their  experiments  and  have  seiuired  no  results,  but  the 
first  has  much  hay  land  esttiblished  in  this  way,  and  its  operations  in 
draining  swamp  lands  will  result  in  a  very  large  increase  in  its 
meadows  in  the  near  future. 
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In  Jess  Valley,  in  the  Warner  Mountains  of  California,  timothj 
especially  is  bein^  introduced,  even  into  the  rock}*  soils  surrounding 
the  bottom-land  meadows,  by  diverting  the  waters  from  the  melting 
snows  to  these  areas  and  seeding  in  the  manner  already  described. 
Much  of  this  land  could  never  be  cultivated,  and  a  large  portion  of  it 
is  altogether  too  rocky  to  be  mowed  without  a  great  deal  of  labor 
expended  in  removing  the  rocks;  but  the  amount  of  feed  secured  from 
such  areas  is  greatly  increased  by  this  treatment.  Those  areas  are 
usually  reserved  until  the  hay  is  removed  from  the  meadows,  when 
cattle  or  sheep  are  turned  into  them  for  fall  and  winter  pasturing.  It 
18  common  here,  as  well  as  in  the  other  hay  regions  visited,  for  hay  to 
be  sold  in  the  stack,  together  with  the  feed  in  the  tield,  to  Y>e  ])astured 
and  fed  out  during  the  fall  and  winter  as  the  stockman  ma^^  wish,  or 
as  may  be  agreed  upon. 

The  methods  employed  in  the  irrigation  of  timothy  and  rodtop  in 
many  of  the  narrow  valleys,  especially  the  Okanogan,  Cow  Creek, 
Silvies  River  and  its  tributaries,  and  Jess  Vallej,  are  very  interesting, 
inasmuch  as  they  show  that  these  grasses  under  certain  conditions  are 
able  to  withstand  large  quantities  of  water  for  long  periods.     The 
method  of  irrigation  is  a  combinntion  of  ditching  and  damming  pro- 
cesses.    The  flood  water  in  the  early  summer.  May  to  July,  is  diverted 
to  the  meadows  in  such  a  way  as  to  cover  them  for  jKiriods  vaiying 
from  ten  days  to  two  or  more  weeks  at  a  time.     Ordinarily  this  would 
result  in  the  destruction  of  these  crops  and  in  their  l)eing  entirely  sup- 
planted b}'   the  sedges  and  the  rushes.     However,  there  is  a  large 
measure  of  success  attained  by  this  method  of  handling  the  waters. 
Being  cool  at  this  season  and  the  water  being  in  motion  (i.  e.,  flowing 
water),  there  is  not  the  usual  injurious  effect.     Neither  is  the  method 
wasteful  of  water,  for  in  a  narrow  valley  there  is  but  little  loss  to  the 
irrigated  lands  l)elow  from  having  the  waters  spread  out  in  this  way 
in  the  upper  stream  courses.     In  many  cases  it  is  actuall}-  an  advan- 
tage, as  the  flood  waters  are  checked  and  distributed  over  a  longer 
period.     It  would  appear  that  timothy  and  redtop  grown  on  meadows 
which  are  occupied  to  a  large  extent  by  sedges  and  native  clovers,  when 
handled  in  the  manner  described  would  need  much  more  irrigation 
than  when  grown  on  cultivated  land.     One  of  these  areas  along  Silvies 
River  IS  shown  in  Plate  VII,  fig.  2,  where  these  two  crops,  together 
with  some  alfalfa  on  the  better-drained  sagebrush  areas,  are  grown. 

The  most  extensive  timothy  and  redtop  region  visited  was  that  of 
the  Kittitas  Valley,  at  Ellensburg,  Wash.,  from  which  much  hay  is 
shipped  every  year,  mainly  to  Coast  points.  The  alfalfa  shipped  from 
here  is  sold  at  about  ^.50  per  ton,  while  timothy  and  redtop  sell  for 
about  1^9. 
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AWNLE8S   BROME. 

As  i.s  well  known,  one  of  the  greatest  bronie-grass  regions  which 
has  been  devehii)ed  in  this  country  since  seed  of  Bromuirbiermis  was 
introduced  by  the  U.  S.  Department  of  Agriculture  some  yoars  ago  is 
the  Palouse  region  in  eastern  Washington,  but  the  cultivation  of  this 
grass  does  not  appear  to  have  spread  to  the  westward  and  northward  to 
such  an  extent  as  one  would  expect.  Awnless  brome  is  grown  in  a 
limited  way,  however,  in  a  few  of  the  localities  visited,  and  in  all  cases 
appeared  to  be  promising.  From  the  observations  made,  there  seems 
little  doubt  that  in  the  Pacific  Northwest  it  will  grow  and  make  good 
returns  wherever  wheat  can  be  raised  for  hay.  Near  the  mouth  of 
the  Okanogan  River  a  small  area  of  this  grass  on  irrigated  land  was 
seen  that  would  (nit  at  least  3  tons  of  dry  feed  per  acre.  An  experi- 
ment conducted  in  the  Okanogan  hills,  about  8  miles  from  the  British 
border,  was  of  much  interest.  An  attempt  was  there  being  made  to 
rnise  this  gravss  on  rather  poor  upland  soil  without  irrigation.  In  the 
more  favored  spot^j  in  the  field  it  made  some  ha^^  and  nowhere  in  the 
inclosure  did  it  fail  to  yield  twice  as  much  pasturage  as  could  ever  be 
exjjected  on  the  native  i"ange  pastures  of  the  vicinity.  Small  areas  of 
this  grass  were  seen  in  several  other  places  in  this  region,  but  they 
were  usually  in  pastures,  and  sometimes  this  grass  was  considered  bj' 
the  ranchers  of  little  value  on  account  of  its  not  being  able  to  withstand 
close  grazing  well.  It  appeared  to  the  writer,  however,  that  in  manj^ 
cases  the  difficult}-  resulted  from  the  fact  that  the  stock  preferred  this 
to  the  native  grasses,  and  that  the  poor  development  was  owing  to  its 
not  having  sufficient  chance  to  make  a  growth." 

Nowhere  in  the  Bhie  Mountiiins  was  any  awnless  brome  grass  seen 
until  Izec  was  reached.  There  Mr.  C.  W.  Bonham  was  experimenting 
in  a  small  but  very  intelligent  way,  having  al>out  an  acre  of  it  grow- 
ing in  a  corner  of  his  garden,  some  with  and  some  without  irrigation. 
The  experiment  appeared  very  promising.  Mr.  Bonham  reports  that 
it  is  difficult  to  get  the  grass  started,  but  he  thinks  that  if  sown  at  the 
proper  time  in  a  favorable  year,  and  if  irrigation  were  practiced,  less 
difficulty  would  be  experienced.  He  believer  that  it  will  make  a  good 
crop  without  irrigation  when  once  a  stand  is  secured.  Some  persons 
in  Bear  Valley  are  said  to  be  preparing  to  put  in  large  acreages  of 
this  grass  next  season.  There  is  little  doubt  that  it  will  succeed  in 
many  places  in  these  mountains,  where  a  much  poorer  (quality  of  hay 
is  now  raised.'' 

«At  the  oxp<^riinont  station  at  Pullman,  Wa«h.,  awnless  brome  ^rasfl  was  less 
injured  l)y  close  grazing  than  any  other  gra^s. —  ir.  ./.  S. 

'^This  gra.»<s  yields  a  large  erop  of  hay  the  se(;ond  year  from  seed,  but  tliereaft«r  is 
adapted  only  to  pasture  ])urposes. —  ]V.  J.  iS. 
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GRAIN'    HAY. 

By  far  the  greatest  quantity  of  roughage  in  all  the  country  trav(»rsed 
outside  of  the  irrigated  area.s  is  produced  by  the  cereals  sown  in  the 
ordinary  way  and  cut  when  the  grain  is  a  little  under  the  *' dough '^ 
stage.  Wheat,  barley,  and  rye  are  especially  the  gmins  handled  in 
this  manner.  In  the  Big  Bend,  in  Wa.shington,  wheat  furnishes 
aliiio:^t  the  only  hay  in  many  places,  the  common  practice  b<^ingfor 
the  farmer  to  get  his  hay  crop  from  the  edges  of  his  wheat  ti(»lds. 
The  wheat  tields  are  "trimmed  up'-  ten  days  or  two  weeks  In^fore 
harvesting  begins.  This  trimming  consists  in  cutting  two  or  three 
swaths  around  the  field  while  the  straw  is  still  green.  Many  wheat 
raisers  secure  their  entire  hay  supply  in  this  way.  It  is  also  a  com- 
mon practice  when  bearded  barley  is  raised  for  the  grain  to  sow  a  strip 
of  wheat  on  the  outside  of  the  field,  this  being  cut  for  hay. 

This  method  of  producing  hay  was  more  general  on  the  north  slope 
of  the  Blue  Mountains  than  in  anv  other  section  visited.  Two  factoids 
contributed  to  the  importance  of  the  grain  hay  crop  here,  this  year  at 
least.  In  the  first  place,  the  past  season  was  very  dry,  and  the  wheat 
crop  consequently  was  very  poor.  On  this  account  many  fields  were 
cut  for  ha^'  instead  of  gi"ain  when  it  l)ecame  evident  that  the  yield 
would  \)e  small  and  poor  at  best.  In  the  second  plact^,  Ixung  on  the 
border  of  the  area  where  a  demand  exists  for  winter  feed  for  stock, 
wheat  ha}'  is  nearly  as  paying  a  crop  as  the  wheat  itself. 

Wheat  straw  is  largely  made  use  of  here  as  a  winter  ration,  espe- 
cially for  cattle.  The  stockman  usually  buys  k  field  of  straw  and 
stubble,  and  winters  his  cattle  very  often  with  no  other  feed.  This  is 
l^etter  than  the  short  range  of  the  present  da}^  but  the  stock  usually 
come  out  of  the  winter  in  very  poor  condition.  This  method  is  a 
decided  advantage  to  the  wheat  and  hay  grower,  for,  in  addition  to  the 
ready  cash,  the  land  is  improved  by  having  the  cattle  upon  it  during 
the  winter  season. 

Rye  is  a  very  important  hay  crop  all  through  the  region,  and  it  is 
especially  good  on  the  sandy  and  poor  soils  along  the  Columbia  and 
Snake  River  bottoms  and  portions  of  the  Eureka  flats,  as  well  as  on 
better  soil.  It  is  by  far  the  most  productive  sandy-land  crop,  but  is  a 
rather  exhausting  one  when  the  grain  is  allowed  to  mature.  It  appears 
to  be  the  leading  hay  crop  in  all  new  communities,  and  is  very  exten- 
sively grown  in  the  Blue  Mountains,  where  especially  good  crops  were 
seen  in  the  vicinity  of  Ulkiah  and  Izee.  At  the  latter  place  it  was 
estimated  that  more  hav  w^as  derived  from  this  source  than  from  all 
others  combined. 

Of  the  grain  crops  sown  primarily  for  hay,  the  awnlcss  form  of 
barley  is  probably  the  one  that  is  considered  best.  This  is  grown 
largely  in  the  wheat  regions  of  Washington  and  in  the  Blue  and  the 
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Warner  mountains,  as  well  as  in  the  Okanoj^an  region  and  the  irri- 
gated communities  of  Ellensburg,  North  Yakima,  and  Lovelock,  Nev. 
It  is  a  common  practice  in  the  irrigated  localities,  when  alfalfa  fields 
have  become  thin  owing  to  the  length  of  their  establishment,  lack  of 
care,  overirrigation,  or  accumulation  of  alkali,  to  sow  barley  or  wheat, 
either  in  drills  or  broadcast,  earh^  in  the  spring.  This  answers  sev- 
eral beneficial  purposes.  The  first  crop  of  hay  cut  is  greatly  increased, 
the  fields  are  in  much  better  tilth,  and  a  more  perfect  soil  cover  is 
secured  early  in  the  season,  preventing  a  rapid  evaporation  from  the 
soil  during  the  spring  and  consequently  decreasing  the  soluble  salt 
content  of  the  surface  layers.  It  is  said  that  this  crop  does  not  act 
injuriously  on  the  alfalfa.  It  is  a  common  practice  also  to  scatter 
alfalfa  seed  in  the  meadows  at  the  same  time.  This  kind  of  a  mixture 
makes  excellent  ha\',  and  nearly  doubles  the  quantitv  secured  at  the 
first  cutting. 

CHEAT. 

Cheat^  and  grain  (wheat,  barley,  and  rj'e)  are  the  main  hay  crops  in 
the  Blue  Mountains  of  Oregon.  The  majority  of  the  ranchers  spoken 
with  consider  cheat  superior  to  grain  hay  as  feed  for  cattle  and  sheep. 
A  few  fields  were  seen  in  Washington,  but  it  is  not  by  any  means  so 
common  there.  It  is  not  considered  as  good  feed  as  timothy  and  red- 
top,  but  it  makes  a  better  3'ield  on  higher  and  drier  areas  than  these 
crops.  Nearl}'  all  ranchers  in  the  Blue  Mountains  make  a  distinction 
between  cultivated  cheat  and  what  thev  call  wild  cheat,  which  is 
described  as  the  sliort-awned  brome  {Bi'ovins  marginatus)  in  the 
publications  of  the  United  States  Department  of  Agriculture. 

ROOT   CROPS. 

Some  sheep  men  on  the  north  slope  of  the  Blue  Mountains  are 
beginning  to  raise  considerable  quantities  of  mangel -wurzels,  beets, 
and  carrots  for  the  winter  feeding  of  sheep.  Messrs.  J.  E.  Smith  & 
Sons,  who  have  the  largest  sheep  interests  in  this  area,  report  good 
success  in  their  experiments  in  this  direction.  They  are  obliged  at 
the  present  time  to  feed  their  sheep  thirty  to  fifty  days,  as  compared 
with  ten  days  or  two  weeks  years  ago,  when  there  was  more  open 
range.  Thus  far  they  have  produced  crops  of  this  nature  for  onh^  a 
limited  number  of  their  flocks,  and  these  are  fed  mainly  during  the 
lambing  season.  The  roots  are  chopped  with  a  machine  and  fed  with 
no  further  preparation.  The}'  consider  these  crops  very  profitable 
for  this  purpose.  It  is  quite  probable  that  ruta-bagas  could  be  profit- 
ablv  added  to  this  list. 


«  The  s^pecies  grown  here  ai)pear8  to  l^elong  to  Bromine  racemosm^  rather  than  -Bro- 
mus  seettliyius.  under  which  name  it  is  handled  bv  seedsmen. 
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NATIVE    HAY   CROPS. 

Wild  irheiit  (Efy)/tvis  triticoides). — This  is  without  dou])t  the  niost 
important  native  ha^'  plant  of  the  region.  It  is  known  locally  as  blue- 
joint.  Attention  was  called  to  this  crop  last  3'ear,  but  its  inipoitance 
was  still  more  iniprassed  upon  the  writer  this  year.  In  early  days  this 
was  the  main  hay  crop  in  the  vicinity  of  Lovelock,  and  the  name  '"Bib 
Meadows**  is  said  to  have  originated  from  the  extensive  areas  of  hay 
land  along  the  lower  course  of  the  Humboldt  River  where  this  was 
the  principal  sp)ecies.  Wild  wheat  was  not  met  with  on  our  route  in 
any  great  quantities  until  we  approached  the  Great  Basin  slope  of  the 
Blue  Mountains,  except  in  one  locality  on  the  Okanogan  l)ottoms, 
where  there  was  a  large  area  of  the  white,  or  densely  glaucous,  form, 
which  wa«  so  abundant  at  Quinn  River  Crossing,  near  Winnenmcca, 
last  year.  At  Izee,  on  the  South  Fork  of  the  John  Day  River,  it 
appeared  to  he  of  considerable  importance  in  both  hay  and  pasture 
land.  Its  be«t  development,  however,  appears  to  be  in  the  stiff, 
rather  poorly  drained,  heavy,  nonalkaline  soils  of  the  Great  I^sin  bot- 
toms. Here  it  grows  out  to  the  edges  of  the  sagebrush  areas,  and 
often  occurs  in  small  quantities  scattered  for  some  distance  into  these 
areas,  so  that  when  they  are  irrigated,  as  is  often  the  case,  this  gmss 
springs  up  and  extends  with  sui-prising  rapidity,  being  spread,  dou])t- 
less,  to  some  extent  by  seeds,  but  more  especially  by  its  creeping  root- 
stocks. 

In  the  Lovelock  region  at  the  present  time  it  is  considered  a  weed, 
on  account  of  the  pei'sistence  with  which  it  remains  and  spreads  in 
cultivated  fields.     When  lands  are  being  brought  under  control  it  is 
ver}'  common  to  find  areas  of  this  grass  scattered  through  the  fields  for 
some  time,  and  it  is  almost  invariably  found  along  the  irrigation 
ditches,  where  it  serves  the  useful  purpose  of  holding  the  embankments. 
Bunc/i  Iflu^roHS  {Poa  laevigata). — Next  in  importance  to  the  wild 
wheat  is  the  bunch  bluegrass,  which  is  sometimes  known  as  wild  red- 
top.     In  the  desert  basins  thousands  of  tons  of  this  hay  are  cut  each 
year.     It  grows  in  somewhat  similar  situations  to  the  wild  wheat, 
though  usually  on  higher  ground,  and  it  appears  to  be  able  to  with- 
stand a  greater  amount  of  drought.     Its  habit  of  early  maturing  renders 
H  of  extreme  importance  in  the  Great  Basin  region.     Often  the  only 
moisture  which  meadows  obtain  is  from  spring  flooding,  and  this  plant 
appears  to  be  able  to  mature  a  fairly  good  crop  of  ha}^  under  these 
conditions.     The  most  extensive  areas  of  this  grass  were  seen  in  the 
Catlow  and  Guano  valleys  and  in  the  Deep  Hole  region  on  the  edge  of 
the  Smoke  Creek  desert. 

Giant  rye  graMs  {Elyrans  condensatus). — In  all  localities  visited  this 
is  an  important  forage  grass,  but  it  is  in  the  Great  Basin  that  it  attains 
its  greatest  importance  as  a  hay  crop.     If  cut  when  in  bloom  it  makes 
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fairly  good  hay,  but  if  left  standing  longer  than  this  it  becomes  very 
hard  and  woody. . 

Sjyrangle  top  ^ScolocMoa  feataeat'td). — As  stated  in  last  years  report, 
the  importance  of  this  plant  as  a  forage  crop  is  sui^prising.  Its  dis- 
tribution appears  to  be  very  local.  The  only  place  in  this  region 
where  the  writer  has  seen  the  plant  is  in  Harney  Valley,  and  there 
only  in  the  vicinity  of  Malheur  Lake,  where  it  was  full}"  reix)rted  upon 
last  year,  and  along  the  Dunder  and  Blitzen  River,  where  it  was  just 
as  important  as  on  the  islands  of  Silvies  River.  Large  quantities  of 
hay  were  made  of  it  this  year  on  some  of  the  "  P''  ranches. 

MlsceUaneouif  forage  plants, — A  very  large  part  of  the  native  ha}^ 
throughout  this  region  is  obtained  from  the  sedges  and  rushes,  mixed 
with  more  or  less  of  the  native  clovers,  of  which  Tnfolh.un  iiivohicru' 
tu/it  and  T.  vtlcroaphahnii  arc  the  most  important  on  the  lower  area,s 
and  T,  heckidthu  in  the  mountains.  Trlfoliuin  cyathifen.ua  should 
also  be 'mentioned  as  being  of  much  value.  Of  the  sedges,  Cartr 
titriculata,  C.  lanuginosa,  C,  tenella^  (\  nehrasl'^nsis,  and  C.  dmighisii 
provide  the  greatest  quantity  of  feed  and  are  of  importance  in  the 
order  named.  They  produce  hay  of  less  value  than  the  grasses  and 
clovers,  but  are  much  superior  to  the  rushes,  which  are  represented 
mainly  by  Juiicas  halticus,,  EJeocharis  palui<ti:is^  ScirpiM  c'a?npej<fris^ 
S»  a/nericanits^  and  the  tule  (S.  laciistris).  Mention  has  been  made  of 
the  extraordinary  area  of  Eleocharis palvstris  in  the  Grand  Coulee. 
Another  equally  striking  illustration  of  the  development  of  the  Juncus 
halticas,  also  known  as  wire  grass,  came  under  observation  along  Crab 
Creek  in  Washington.  Here  it  has  been  the  practice  for  years  to 
flood  the  meadows  for  a  month  or  two  after  the  hay  crop  has  been 
removed  for  the  purpose  of  attracting  wild  ducks,  which  are  fed  and 
systematically  hunted  during  the  open  season,  with  the  result  that  the 
meadows  have  grown  up  to  almost  ^xxmJuncus  halticus.  This  species 
almost  invariably  occurred  in  greater  or  less  quantity  in  all  meadows 
where  timothy  and  redtop  have  been  established  without  cultivation, 
more  especially  where  the  water  is  not  under  good  control  and  is 
allowed  to  remain  on  the  ground  for  long  periods. 

BECLAMATION  OF   SWAMP  LANDS. 

There  were  two  regions  on  the  route  followed  where  gigantic  oi)e ra- 
tions were  in  progress  for  the  drainage  of  swamp  lands  along  streams 
which  have  a  slight  fall  and  are  without  any  detined  channels.  The 
undertaking  which  came  under  direct  observation  was  that  inaugurated 
and  carried  on  by  the  French-Glenn  Live  Stock  Company  along  the 
Dunder  and  Blitzen  River  in  eastern  Oregon.  This  stream  receives  the 
drainage  of  a  large  portion  of  the  western  slope  of  Steins  Mountains 
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and  empries  into  Malheur  Lake.     Both  the  upper  and  lower  courses 

have  well-detined  channels,  but  the  middle  course  is  a  swamp,  where 

the  water  spreads  over  the  bottoms  and  covers  an  area  S  to  li>  uiHes  in 

width  by  12  to  15  miles  in  length.     The  region  is  now  a  huge  tule 

swamp,  where  there  is  much  feed  around  the  edges,  and  cattle  even 

work  their  way  out  into  the  swamp  long  distances;  but  it  is  during 

winter,  when  the  i<'e  is  able  to  bear  the  cattle  up,  that  the  greatest 

amount  of  >)enetit  is  derived  from  it.     At  the  present  time  the  returns 

from  the  swamp  are  small.     Besides  this  feature  of  small  returns,  the 

losses  in  the  spring  are  very  heavy.     Cattle  are  usually  so  weak  at  this 

time  of  the  year  that  when  the  ice  l)egins  to  give  way,  they  mire  in 

large  numl)ers  and  have  not  the  strength  to  wade  out. 

The  intention  at  present  is  first  to  cut  a  channel  for  the  river,  and 
then  construct  laterals  as  occasion  demands  for  the  puqwse  of  dmining 
the  area.  When  this  is  accomplished  it  will  1m»  necessary  to  devise  a 
method  of  irrigating  this  drained  land  properly.  The  construction  is 
so  planned  that  the  channel  cut  for  the  river  will  unite  with  a  large 
irrigating  ditch  covering  a  sagebrush  flat.  The  water  is  snnply  turned 
on  this  sagebrush  land  at  present,  and  what  umy  is  allowed  to  develop. 
Later  this  area  will  no  doubt  l)ecome  a  valuable  alfalfa  meadow  and 
be  irrigated  systematically  from  the  drainage  watei's  derived  from  the 
^wamp. 

When  this  swamp,  which  is  to  a  large  extent  a  mass  of  jH^at,  has 
been  placed  under  control,  the  l>est  crops  to  grow  there  will  have  to  Ih» 
selected.  There  is  little  doubt  that  the  most  profitable  will  b(»  fonige 
crops.  The  behavior  of  timothy  and  redtop  all  through  the  region 
under  little  or  no  cultivation  makes  it  quite  certjiin  that  these  grasses 
will  find  an  important  place  in  the  crops  grown  here  in  the  future. 

Similar  areas  have  already  been  successfully  drained  along  Pitt 
River,  in  Modoc  County,  Cal.  Here  the  tule  swamp  lands  are  prov- 
ing exceedingly  well  adapted  to  alfalfa  growing.  It  is  stated  on  good 
authoritv  that  some  of  the  best  alfalfa  lands  in  the  countv  are  situ- 
ated  on  these  tule  swamps. 

The  land  in  these  swamps  is,  of  course,  exceedingly  fertile,  the 
dminage  slight,  and  the  waters  different  from  those  usually  found  in 
this  region.  They  are  not  particular!}^  alkaline,  but  are  very  highly 
colored  with  dead  herbage,  as  is  the  case  in  some  of  the  swamp  lands 
in  the  Southern  States. 

The  drainage  of  these  areas,  although  a  big  undertaking,  is  only  a 
portion  of  the  difficulty  involved  in  their  handling.  The  method  of 
managing  them  after  they  are  drained  and  the  crops  l)est  suited  to 
them  are  problems  which  will  require  much  careful  investigation. 
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NEEDS  OF  THE  BEOION. 

On-acc^ount  of  such  diversity  of  conditions  it  will  be  necessary  to  con- 
sider certain  divisions  of  the  territory  more  or  less  separately. 

The  greatest  need  of  the  Washington  region,  aside  from  the  Okano- 
gan River  drainage  area,  is  summer  feed.  As  stated,  this  is  principally 
a  sheep  region,  where  the  animals  are  pastured  the  greater  part  of  the 
year  on  the  desert  mesas  of  the  Big  Bend  and  contiguous  regions  in  the 
winter  and  in  the  mountains  for  about  three  and  one-half  months 
during  summer.  The  need  of  having  animals  in  good  condition  in  the 
fall,  both  for  market  and  for  entering  the  winter,  and  the  necessity  of 
an  abundance  of  green  feed  for  the  best  development  of  the  lambs 
render  these  limited  highland  summer  pastures  of  great  importance  to 
the  sheep  grower.  On  the  other  hand,  winter  feed  is  more  abundant; 
for  the  deserts  are  extensive,  and  the  irrigated  haj^  lands,  such  as  those 
of  the  North  Yakima  and  Ellensburg  regions,  are  producing  more  hay 
every  year.  For  j^ears  past  such  communities  have  been  shipping  hay 
in  large  quantities  to  Coast  points;  in  other  words,  they  produce  more 
hay  than  they  can  feed  at  home.  For  the  greatest  economv  it  is  evi- 
dent that  the  effort  should  be  to  increase  summer  feed  so  that  enough 
stock  can  be  summered  in  the  region  to  consume  the  winter  feed  at 
home,  thus  saving  transportation  on  mw  material. 

It  was  considerations  of  this  kind  that  led  Messrs.  Benson  and  Bab- 
cock  to  offer  to  cooperate  with  the  Department  of  Agriculture  for  the 
purpose  of  determining  what  could  be  done  to  increase  the  summer 
feed  in  the  Wonatchee  Mountains,  in  which  they  are  interested. 

Messrs.  F.  E.  Benson  and  W.  H.  Babcock  have  come  into  posses- 
sion of  a  large  body  of  railroad  land  in  the  Big  Bend  at  Trinidad,  and 
a  similar  but  smaller  area  in  the  Wenatchee  Mountains  southwest  of 
Wenatchee.  Their  purpose  has  been  to  organize  a  sheep  mnch  on  a 
sound  basis,  having  definitely  provided  both  summer  and  winter  feed 
on  lands  which  they  control  either  by  title  or  rental,  instead  of  depend- 
ing upon  the  open  range  for  the  larger  part  of  both  seasons'  feed  and 
being  compelled  to  go  out  of  business  sooner  or  later,  as  is  the  case 
with  so  many  of  the  stockmen  in  the  West.  The  recognition  of  their 
need  of  more  and  better  summer  feed,  which  is  the  need  of  the  region 
in  general,  induced  them  to  offer  to  cooperate  with  the  Department  of 
Agriculture  in  experiments  to  improve  the  forage  conditions  of  the 
summer  grazing  grounds  by  donating  the  use  of  an  entire  section  of 
fenced  land  wherein  experiments  could  be  conducted.  This  offer  has 
been  accepted  by  the  Department,  and  experiments  have  been  begun 
under  the  direction  of  the  Agrostologist.  The  objects  of  these  investi- 
gations will  l)e  the  introduction  of  forage  plants  which  will  increase 
the  feed  on  highland  pastures;  a  study  of  the  effect  of  systematic 
grazing  as  compared  with  present  methods,  and  of  seeding  at  different 
seasons  of  the  vear,  both  with  and  without  cultivation;  a  studv  of  local 
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meteorological  conditions  as  affecting  the  growth  of  forage  plants;  a 
study  of  the  native  vegetation  in  its  relation  to  the  stock  Industry, 
and  siuch  other  problems  as  may  present  themselves  during  the  prose- 
cution of  the  investigations. 

The  land  set  aside  for  the  experiments  is  well  adapted  to  this  pur- 
pose. Being  located  in  a  typical  grazing  area  and  having  been  excess- 
ively pastured  for  a  number  of  years,  any  advantage  gained  by  treat- 
meDtwill  point  to  methods  of  renovating  denuded  ranges.  The  land 
is  described  in  the  Government  surveys  as  Sec.  23,  T.  20  N.,  R.  20  E, 
and  is  locallj^  known  as  the  Babcock  headquarters  section,  on  account 
of  the  corrals  located  there.  It  has  an  altitude  of  approximately  5,0(jO 
feet.  The  region  was  gone  over  rather  hurriedly  in  June.  At  this 
time  there  was  no  feed.  Although  the  snow  was  still  lying  on  the 
ground  in  deep  drifts,  the  tmct  had  already'  been  pastured  this  season, 
for  at  that  time  none  of  the  land  was  inclosed.  Mr.  J.  S.  Cotton,  who 
has  been  placed  in  immediate  charge  of  the  work,  reports  that  grasses 
have  been  nearly  exterminated  over  a  large  part  of  the  tract.  The 
section,  being  located  on  the  line  of  travel  to  and  from  the  high  moun- 
tains, has  been  grazed  twice  each  season,  in  June  and  October,  for  a 
number  of  years.  The  soil  is  badly  packed  and  cut  by  the  flocks  of 
i«heep  which  have  tramped  over  the  ground  while  it  was  still  wet  from 
melting  snows.     In  many  places  the  soil  has  begun  to  wash  badly. 

While  this  is  rather  an  extreme  case  of  denudation,  it  nevertheless 
represents  the  exact  condition  of  much  of  the  range  country'  at  the 
present  time,  and  shows  what  much  more  of  it  will  become  shortly 
if  present  methods  are  pursued.  Any  success  in  reestablishing  the 
grass  cover  will  be  extremely  important  for  all  highland  pasture 
regions. 

Mr.  Benson  most  aptly  expresses  the  necessity  for  this  work,  as  well 
as  the  needs  of  the  region  in  general,  in  a  letter  to  the  Agrostologist, 
as  follows: 

The  shortening  of  summer  pasture  by  forest  reserve  regulations  and  the  overgraz- 
ing by  sheep  of  the  remaining  pa^atures,  coupled  with  the  greatly  increaj^ing  alfalfa 
production  in  the  irrigated  valleys  to  supplement  the  winter  ranges,  make  tlie  sum- 
nier  range  more  and  more  disproportionate  to  the  winter  range,  until  the  important 
question  now  is,  '*  How  much  stock  can  you  carry  through  the  summer?"  and  not 
what  it  has  heretofore  been  in  this  country,  *'  How  are  you  fixed  for  hay?  And  how- 
much  stock  can  you  winter?"  Therefore  it  becomes  very  important  to  know  what 
payees  or  forage  plants  will  do  the  best  and  yield  the  greatest  amount  of  good  jiavture. 

In  the  Blue  and  the  Warner  mountains  the  main  problem  is  one  of 
li«ty  production.  The  winters  here  are  more  severe  and  stock  must 
he  fed  for  longer  periods  each  year.  Of  course,  the  summer  feed  is 
aUo  very  short  at  times  on  account  of  the  thousands  of  sheep  which 
summer  in  these  mountains.  But  the  communities  established  here  have 
nianaged  in  a  measure  to  reserve  some  feed  for  themselves  by  estab- 
lishing '^dead  lines"  against  sheep  and  by  maintaining  them  at  times 
^ith  force. 
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Several  of  these  communities  are  developing  the  dairy  industry 
quite  rapidly,  and  alread}'  Camas  Prairie  butter  is  of  some  importance 
in  the  local  markets.  The  necessity  of  good  pastures  and  ha}'  crops 
for  the  proper  development  of  this  industr}'  is  obvious. 

While  much  has  been  done  by  the  Department  of  Agriculture  and 
the  State  experiment  stations  in  the    development  of  the   foi^age 
resources  of  the  West,  very  little  attention  has  been  given  in  this 
country  to  experiments  in  this  line  in  the  mountains.     The  ]>eculiar 
conditions  existing  in  these  mountain  settlements  render  the  necessit\' 
for  new  ha^'^  and  pasture  plants  particularly  pressing.     In  many  local- 
ities the  ranchers  and  farmers  are  already  experimenting  on  their  own 
account  and  will  determine  in  time,  by  a  laborious  and  expensive 
process,  what  could  ver}-  properly  ])e  determined  at  public  expense. 
The  difficulties  encountered  by  these  farmers  are  enhanced  bv  the 
practice,  common  with  certain  seedsmen,  of  foisting  upon  the  farmer, 
under   a  new  and  frequently  high-sounding  name,  some  worthies?; 
weed,  or  some  plant  of  very  limited  usefulness.     To  illustrate:  Some 
people  have  invested  considerable  money  in  the  seed  of  a  supposedly 
new  foi'age  crop  under  the  name  of  '*  Billion-dollar  grass.''  and  wei'e 
surprised  when  they  were  informed  that  it  was  an  annual  grass,  and 
much  chagrined  when  thev  got  no  results  on  dry  land  without  irriga- 
tion,  or  when  with   irrigation  on  rich  alluvial  deposits  they  secured 
only  a  scattering  growth  of  the  common  barnyard  grass — a  common 
weed  all  over  the  United  States. 

As  stated  elsewhere,  grain,  hay,  and  cheat  are  the  main  ha\'  crops 
in  these  mountain  settlements  at  present.  These  ceitainly  can  l>e 
improved  upon.  Some  timothy  and  redtop  are  grown,  and  awnless 
brome  is  l)eing  gradually  introduced.  It  appears  to  the  writer  that 
some  work  of  an  experimental  nature  would  be  ver}'  desirable  in  these 
mountain  comnmnities.  A  series  of  experiments  conducted  here  for 
about  three  years  with  a  carefully  selected  list  of  about  fifty  forage 
plants  would  demonstrate  what  forage  crops  could  be  grown  to  advan- 
tage at  these  high  altitudes  and  would  be  of  inestimable  benefit  to  the 
pioneers  who  are  building  homes  here. 

In  the  numerous  desert  basins  where  water  available  for  irrigation 
can  be  secured  for  only  a  short  period,  or,  in  other  words,  where  the 
meadows  can  be  irrigated  in  late  winter  only  and  where  now  the  sedges 
and  rushes  are  the  main  ha}'  crops,  the  need  of  a  perennial  hay  plant 
that  will  mature  early  is  evident.  The  native  plant,  bunch  bluegrass 
(/V/  Icerigata)^  seems  the  most  promising  for  this  purpose.  As  previ- 
ously stated,  this  furnishes  much  hay  at  the  present  time  and  apj^ears 
well  adapted  to  this  form  of  treatment.  The  characteristics  which  make 
this  a  valuable  grass  are  discussed  elsewhere  and  need  not  be  repeated 
here.  It  is  possible  that  some  annual  crops  might  be  found  to  be 
profitable  here,  but  it  must  be  considered  that  the  returns  per  acre, 
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which  are  very  smalK  make  the  profits  from  the  cultivaticm  of  larcre 

areas  for  annual  crops  rather  problematical. 

In  practically  all  of  the  irrigated  districts  where  alfalfa  is  raided  the 
settlers  were  nearly  all  looking  for  some  strain  of  alfalfa  which  will 
thrive  with  less  water  than  the  common  stock.     The  introduction  of 
Turkestan  seed  a  few  years  ago  having  resulted  indifferently,  attention 
has  recently  been  attracted  to  "  dr\' -land'' alfalfa,  concerning  which 
much  has  appeared  in  periodicals  during  the  pa^t  year.     The  growing 
tendency  in  all  the  irrigated  districts  to  bring  more  land  under  culti- 
vation than  can  be  properly  irrigated  has  empha^^ized  the  demand  for 
a  crop  that  may  lie  grown  with  little  or  no  irrigation  in  arid  crimates. 
Correlated  with  a  scarcitvof  water  is  the  accumulation  of  alkali,  which 
calls  for  the  development  of  strains  resistant  thereto. 

The  matters  just  mentioned,  together  with  the  determination  of  the 
best  method  of  handling  the  swamp  lands  and  the  l)est  hay  crojis  to 
grow  upon  them,  appear  to  be  the  most  important  forage  problems 
of  the  region. 

PliAKTS  INJTJBIOUS  TO  STOCK. 

But  little  can  be  added  to  what  was  said  last  year  regarding  poison- 
ous plants;  in  {pastures  and  meadows.  In  all  swampy  places,  especially 
in  the  vicinity  of  springs,  there  occur  more  or  less  wild  parsnips 
(Cicuta  ragans).  This  and  larkspur  {Jhlphinhnn.  natpuhfrinn)  are 
dreaded  by  i-anchers  in  the  spring  of  the  year,  espc^cially  in  the  Cireat 
Basin  region. 

The  slender  fescues  {Festuca  microstachya  and  F.  (Kio^ora)  an»  said 
to  cause  injury  about  the  time  that  the  seed  is  ripening.  The  injury 
is  done  )>y  the  seed  working  its  wa}'  into  the  walls  of  the  animal's 
stomach.  This  is  reported  on  what  is,  without  doubt,  reliable  testi- 
mony from  two  observers,  both  of  whom  were  in  position  to  form 
opinions  from  post-mortem  examinations.  Mechanical  injuries  of  this 
nature  are  not  at  all  uncommon,  the  best-known  examples  being  those 
«iused  by  squirrel-tail  grass  {Tlf/rdeHm  ji/hatum),  the  awns  of  which 
work  their  way  into  the  lining  membranes  of  the  mouth,  and  needle 
grass  (Sfi/xf  spp.),  the  seed  and  awns  of  which  work  their  way  into 
the  wool  and  flesh  of  the  sheep.  To  these  might  be  added  the  triple- 
awned  grass  {Aristida  ajneTica7ia)  and  six  weeks'  grass  {Boufelouu 
aviMtotdfft)  of  the  Southwest,  which  are  dangerous  to  sheep  at  certain 
seasons,  the  awned  seeds  in  the  first  instance  and  the  spikelets  in  the 
second  case  acting  in  the  same  way  as  the  seed  of  the  needle  gras.ses. 

WEEDS  OF  MEADOWS  AND  PASTURES. 

The  ordinarv  annual  weeds  of  the  farm  can  not  combat  with  alfalfa 
aa  handled  in  the  irrigated  West.  Wild  lettuce,  which  is  a  serious 
pest  in  parts  of  the  wheat  region,  soon  disappears  from  the  field  when 
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properly  bandied  in  alfalfa  culture.  The  weeds  which  thrive  in  alfalfa 
are  those  which  propagate  by  running  rootstocks.  Two  such  gi-asses, 
salt  grass  and  wild  wheat  {Elymus  triticoides)^  are  at  times  quite  con- 
spicuous and  much  dreaded  in  the  Lovelock  district.  It  is  a  very 
common  thing  here  to  see  patches  of  these  two  grasses,  but  more  espe- 
cially the  former,  making  their  appearance  in  alfalfa  meadows  and 
spreading  with  surprising  rapidity.  The  salt  grass  is  by  far  the  most 
troublesome,  because  it  finds  in  these  soils  congenial  conditions,  which 
at  the  same  time  are  detrimental  to  the  crop.  Through  cultivation, 
application  of  manure,  and  reseeding  with  alfalfa,  or  even  a  temporary 
grain-hay  crop,  which  gives  a  soil  cover,  this  weed  can  be  kept  in  check. 
Although  the  salt  grass  is  looked  upon  here  as  a  weed,  it  would  seem 
that  the  real  trouble  is  with  the  soil  and  not  so  much  with  the  weedy 
tendency  of  the  grass.  If  the  soluble  salt  content  of  the  soil  is  kept 
down  by  the  methods  already  enumerated,  salt  grass  will  not  find 
congenial  conditions.  The  difficulty  seems  to  be  simply  one  of  alkali 
and  not  of  weeds.  The  wild  wheat,  or  blue  joint,  on  the  other  hand*, 
does  not  thrive  in  particularly  alkaline  soil,  and  is  really  a  plant  that 
can  be  handled  as  easily  as  the  western  wheat  grass  {Agropyrfjii  occl- 
dentale)  on  the  prairies  of  the  Great  Plains. 

Blue  flag  {Iris  mlsHoimeytslH^  PI.  X,  fig.  2)  is  a  very  serious  pest  in 
moist  pastures.  In  portions  of  the  Wenas  Valley  where  pastures 
were  overstocked  there  was  a  complete  soil  cover  of  this  weed  in 
many  native  meadows.  In  many  places  where  it  dev^elops  to  this 
extent  it  would  be  hazardous  to  break  the  soil,  for  fear  that  it  might 
be  washed  away.  However,  mowing  would  do  much  toward  getting 
rid  of  blue  flag,  and  an  attempt  should  be  made  at  every  favorable 
opportunity  to  establish  a  more  complete  crop  of  timothy  and  redtop 
in  such  localities. 

The  dandelion  is  also  a  very  serious  pest  in  native  meadows  and 
pastures  which  have  been  in  use  a  long  time  in  northwestern  Nevada 
and  northeastern  California.  It  has  spread  very  rapidly  of  late  in 
many  sections  of  the  West  where  little  or  no  cultivation  is  practiced. 
It  has  been  introduced  doubtless  with  timothy  and  redtop,  which  are 
largely  employed  throughout  the  region  to  supplement  and  supplant 
the  native  vegetation.  It  is  all  the  more  serious  because  it  is  intro- 
duced in  places  where,  on  account  of  the  location  of  the  arable  land  in 
narrow  strips  along  rivulets,  its  destiaiction  by  cultivation,  which  is 
the  onh'  known  method  of  eradicating  it,  is  impracticable  or,  in 
certain  localities,  hazardous,  on  account  of  danger  of  erosion  when 
the  sod  is  broken  up. 

The  native  plants  which  become  weedy  in  the  more  humid  localities 
under  conditions  of  overstocking  have  been  discussed  elsewhere. 
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DISEASES  INJTJBIOUS  TO  FORAGE  CROPS. 

All  of  the  more  important  diseases  of  forage  plants  observed  were 
caused  by  variou.s  sj^ecies  of  smuts.  This  cla'^s  of  parat^itic  fmigi 
injures  more  than  one  would  suppose  the  development  of  native  eco- 
nomic plants.  While  this  is  true,  so  little  is  known  of  the  life  history 
of  these  species  that  no  suggestion  can  Ire  made  regarding  their  control 
further  than  to  state  that  the  spread  of  those  species  which  attack  hay 
plants  could  probably  l>e  checked  by  careful  mowing  and  the  removal 
of  hay  from  affected  fields  >>efore  the  grasses  head  out.  The  acreages 
are  so  large  and  the  returns  from  them  so  small,  however,  that  it  is 
doubtful  whether  any  method  which  would  be  successful  would  be 
financially  justifiable. 

Ufftllago  7iyj)od!teii. — In  portions  of  the  Great  Basin,  as  well  as  in  the 
Okanogan  region  in  Washington,  a  very  large  amount  of  damage  is 
done  by  this  smut.  It  attacks  both  giant  rye  grass  and  salt  grass, 
transforming  the  undeveloped  portions  of  the  plants  within  the  upper 
leaf  sheaths  into  a  black  powdery  mass.  It  was  especially  destructive 
in  the  Quinn  River  and  Alvord  regions  in  Nevada  and  Oregon  last 
year,  and  again  this  j-ear  in  Sui^prise  Valley,  California,  and  at  Ix)ve- 
lock,  Nev.,  on  both  hosts. 

CstiIa//o  scijh}chloa. — ^This  smut  attacks  the  valuable  sprangle  top 
(Scolochlon  ftfutiuHictn).  Its  black,  sooty  spores  break  through  the 
epidermis  on  the  upper  side  of  the  leaves,  stunt  the  growth  of  all  the 
leaves,  prevent  the  upper  ones  from  opening,  and  entiroh'  destroy  the 
seed.  At  the  ''sod  house"'  on  the  lower  course  of  the  Dunder  and 
Blitzen  River  some  meadows,  in  which  one-half  to  two-thirds  of  the 
vegetation  consisted  of  this  grass,  had  fully  one-half  of  the  plants 
smutted. 

Tilletla  fuHca. — The  hosts  of  this  smut,  the  slender  fescues  {FtH- 
t*irn  (H't(,Hora  and  F.  uticrfMachya)^  are  annual  plants,  depending 
entirely  upon  seed  for  their  reproduction.  The  fungus  in  this  case 
transforms  the  seed  into  a  black  horn-like  structure,  tilled  with  a  com- 
pact black  mass  of  spores,  entirely  destroying  it  in  pmctically  the 
'^nie  manner  as  the  bunt  destroys  the  kernel  of  wheat.  Nothing  short 
^f  the  excellent  seed  habits  possessed  ))y  these  grasses  would  (liable 
them  to  thrive  at  all,  for  there  are  many  localities  in  eastern  Wasli- 
ington  where  upward  of  three-fourths  of  the  plants  had  all  their  seed 
destroyed.  Reference  is  especially  made  to  the  region  alx)ut  25  miles 
ttorth  of  Prosser^  >vhere  the  above  statement  would  be  no  exaggera- 
tion. At  the  same  time  another  species  of  smut  ( Ustilago  m  tilffmlina) 
<iid  some  injury  also. 

V4ihujo  hromivora. — The  seed  production  of  the  valuable  short- 
awned  brome  greaa^  {Bf'Ofmtff  rii(trginntiUi)^  as  well  as  that  of  the  closely 
related  cheat,  is  very  materially  reduced  })y  this  smut.     The  injury  to 
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the  form  of  Bromus  secalimts  which  has  escaped  from  cultivation  and 
grows  as  a  weed  seems  to  be  much  more  pronounced  than  that  of  the 
cultivated  form,  which,  as  previously  stated,  corresponds  more  closely 
to  Br07}}vs  7Ywemosus. 

Ufitihigo  Htriaefcmnis. — This  common  disease  did  more  injury  to 
timothv  in  Jess  Vallev,  California,  than  the  writer  has  ever  observed 
elsewhere.  It  appeared  to  be  confined  here  to  well-drained  areas, 
which  were  abundantly  supplied  b}'  seepage  from  ditches,  rather  than 
to  the  more  poorly  dmined  or  the  drier  portions  of  the  meadows. 

SUMMABT  AND  SUGGESTIONS. 

NEEDS   OF   THE    REGION. 

The  sheep  industry  is  more  in  need  of  summer  pasture  than  anything 
else.  This  is  accounted  for  h\  the  settling  up  of  mountain  nieadow.s, 
the  development  of  alfalfa  regions,  and  the  withdmwal  of  land  from 
the  public  domain  for  timber  reserves. 

The  mountain  communities  of  the  Blue  and  the  Warner  mountains 
need  to  have  determined  what  hay  and  pasture  crops  can  be  grown  in 
these  highland  regions  to  best  advantage. 

In  the  desert  ])asins,  where  water  for  irrigation  can  be  obtained  for 
onl}'  a  very  short  time,  there  is  need  of  an  early  maturing  perennial 
grass. 

The  alfalfa  growers  call  for  two  new  varieties  of  alfalfa — one  which 
will  survive  with  less  water  than  the  common  form,  and  one  which 
will  resist  the  effect  of  soluble  salts  in  the  soil.  The  development  of 
these  two  strains  can  be  secured  only  through  careful  experimentation. 

ABUSES. 

The  whole  subject  of  a])uses  can  be  summed  up  under  the  head  of 
overstocking,  but  there  appear  to  lie  two  practices  which  need  special 
attention.  At  present  stock  are  allowed  on  high  mountain  pastures 
too  late  in  the  spring.  They  should  be  taken  from  these  pastures  as 
.soon  as  frost  l)egins  to  disappear,  so  that  the  sod  will  not  be  injured. 
Even  the  carefully  handled  tame  pastures  of  the  East  will  not  stand 
grazing  at  this  period. 

The  second  abuse  of  the  range  to  which  the  writer  wishes  to  call 
attention  is  the  "caj'use  nuisance.''  With  the  decline  in  the  price  of 
horses  about  1894  these  animals  were  allowed  to  run  wild,  with  prac- 
ticall}'  no  attention,  many  herds  not  even  being  rounded  up  and 
branded.  Under  these  conditions,  of  course,  the  horses  multiplied 
and  deteriorated  i-apidly  on  account  of  inbreeding,  resulting  in  the 
overstocking  of  the  ranges  with  animals  which  were  all  but  worthless. 
It  was  this  condition  which  led  the  legislature  of  Nevada,  in  1807,  to 
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enact  a  law  providing  for  the  destruction  of  these  •'unbranded  wild'' 
animals.  During  the  past  three  years  thousands  of  these  horses  have 
been  s^hipped  out  of  the  country  (PL  VIII,  tig.  2),  thereby  relieving 
the  situation  very  much;  but  there  are  still  altogether  too  many  of 
them  on  the  ranges.  The  quantity  of  range  feed  consumed  by  a  good 
animal  is  no  more  than  that  eaten  bv  one  of  these  almost  worthless 
**cavuses.'' 

m 

NATIVE   GRASSES   WORTHY  OF   CULTrVATION. 

]nid  wAecft  (^Elyiitna  trtticoide^). — It  ap|>ears  to  the  writer  that  wild 
wheat  is  worthy  of  extended  trial  under  cultivation.  It  is  promising 
in  stiff  soils  where  there  is  considerable  moisture  up  to  the  middle  of 
June.  It  is  also  of  some  promise  for  holding  clay  banks  which  wash 
badly  in  the  more  humid  regions. 

Butii^h  hlueijrasis  {Poa  h^vigata), — The  large  quantity  of  excellent 
hay  made  of  this  grass  all  through  the  region  traversed,  as  well  as 
itji  good  seed  habits,  make  it  a  promising  plant  for  cultivation. 

^hort-aicntrd  hromt  {Broiaus  inarginatns), — In  the  highland  region 
there  is  no  native  plant  that  gives  more  promise  than  this.  At  the 
preiient  time  large  quantities  of  it  are  common  all  through  the  moun- 
tains in  poorly  cultivated  fields.  In  Fox  Valley  several  fields  of  cheat 
were  seen  where  one-half  of  the  yield  consisted  of  this  native  species. 
^^  hen  cut  in  season  the  quality  is  good,  and  its  seed  habits  are  excel 
lent,  resembling  those  of  rescue  grass  more  closely  than  any  of  the 
cultivated  species  of  this  genus. 

Monntarn  rye  gniM  {Elyuuis  glunciua). — Observations  in  mountainous 
regions  tend  to  indicate  that  this. species  is  of  some  promise.  Se\'eral 
limited  area>(  in  the  Blue  and  the  Warner  mountains  suggest  that  it 
Might  be  made  use  of  in  cultivation.  A  careful  examination  into  the 
conditions  in  the  Rocky  Mountains,  especially  in  the  vicinit}'  of  Sum- 
mit, Mont.,  strongly  confirms  this  opinion. 

Bifncfi  wheat  gram  {Agropyron  splcatura  hiernu). — The  importance 
of  this  grass  on  the  native  ranges  and  the  successful  attempts  which 
wave  already  been  made  to  grow  it  leave  little  doubt  as  to  its  value  for 
cultivation,  although  the  hay  made  from  it  is  mther  hard  and  wiry. 
Itis  value  as  a  pasture  plant  may  be  questioned  on  account  of  its  ina- 
bility to  withstand  trampling.  Some  ranchers  stoutly  maintain  that 
vhen  once  closely  grazed  it  will  not  recover  in  a  reasonable  length  of 
time. 

Oiant  rye  gruttJi  {Elyinus  conde7isatuf<), — The  excellent  seed  habits  of 
giant  rye  grass,  its  large  ^'ield,  and  its  ability  to  thrive  on  stiff,  hard- 
Pan  soil  along  with  salt  grass  render  it  of  considerable  promise  for 
cultivation,  especially  in  the  Great  Basin  region. 
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DESCBIPTION  OF  PLATES. 

Plate  I.   ( Front ispiwo.)     Map  of  Pacific  Northwest,  showing  route  traveknl. 

II.  ¥"\s-  1. — A  good  summer  sheep  range  in  the  Blue  Mountains  of  Oregon.  In 
the  foreground  are  willows,  alders,  and  the  service  berry.  On  the  hill- 
side to  the  left  is  seen  Pu)i*hia  tridentatay  with  a  liberal  supply  of  the 
common  grasses.  Fig.  2. — A  desert  range  in  northwestern  Nevada.  In 
the  foreground  api>ears  the  ** sleek*'  desert  of  Black  Rock,  with  the 
(iranite  Mountains  in  the  background.  The  white  streak  at  the  base  of 
the  mountains  is  causeii  by  a  mirage,  and  is  at  least  2  miles  distant. 

III.  Fig.  1. — Good  scab-land  range  near  Trinidad,  Wash.     Black  sage,  bunch 

wheat  gi*as9,  a  little  sheep  fescue,  and  Sand  berg's  bluegrass  constitute 
the  main  vegetation.  Fig.  2. — Desert  range  near  Mirage,  Nev.  Vegeta- 
tion almost  pure  Atriple.r  confertifoUa. 

IV.  Fig.  1. — Typical  range  view  in  the  Okanogan  Hills,  Washington.    Sheep 

fescue,  bunch  wheat  grass,  Nevada  bluegrass,  Wheeler's  bluegrass,  and 
giant  rye  grass  are  shown.  Fig.  2. — ^Typical  ranch  in  the  Blue  Mountains 
of  Oregon. 

V.  Fig.  1. — A  sheep  range  on  the  north  slope  of  the  Blue  Mountains.  The 
native  vegetation  here  has  been  largely  replaced  by  cheat.  Fig.  2. — A 
denuded  mountain  meadow  on  the  north  slope  of  the  Blue  Mountains. 

VI.  Fig.  1. — Corraling  ground  in  the  Warner  Mountains  of  California.  In  the 
center  of  the  foreground  is  shown  the  condition  of  Indian  currant 
{Symphoricarjios  oreophilus).  Fig.  2. — Winter  range  in  northwestern 
Nevada.  White  sage  appears  on  the  lower  area  in  foreground,  while 
Atriplex  coDfertifoUa  and  bud  sage  are  seen  at  the  base  of  the  hill  and  red 
sage  on  the  higher  slopes. 

VII.  Fig.  1. — Timothy  and  redtop  on  uncultivated  land,  Warner  Mountains,  Cal- 
ifornia. Fig.  2. — Bromus  i»<t»ji>,  irrrigate<l,  near  the  mouth  of  the 
Okanogan  River,  Washington. 

VIII.  Fig,  1. — A  narrow  valley  along  Silvies  River,  Blue  Mountains,  Oregon. 
Timothy,  redtop,  native  grasses,  clovers,  and  sedges  are  cut  here,  usually 
on  uncultivated  ground,  with  some  alfalfa  on  the  better  drained  areas. 
Fig.  2. — A  horse  round-up,  showing  the  cayuse,  the  menace  of  a  lai^ 
part  of  the  range  country. 

IX.  Fig.  1. — An  overpastured  highlan<l  meadow  in  the  Washington  wheat 
region.  Yarrow  is  the  most  conspicuous  plant.  Fig.  2. — An  over])a9- 
tured  lowland  meadow,  Wenas  Valley,  W^ashington.  Iris  mis80urien*h 
has  taken  possession. 

62 

O 


J.  S.O.pt   r,f»(nruitu»i. 


FtG.  I.— A  Good  Summer  Sheep  Range  in  the  Blue  Mountains  of  Oregon. 


Fio.  2.— A  Desert  R*hqe  in  Not 


Fig.  1— Good  Scab  Land  Ranoe  NE*n  TniMiMD,  Wash. 


FiQ.  2.— Desert  Ranoe  Near  Mirage,  N. 


Fw.  1,— Typical  Range  View  in  the  Okanogan  Mii.ls,  Washinoton. 


FiQ.  2.— Typical  Ranch  in  the  Blue  Mountains  of  Obegon. 


FlO.    I.— CORR*LLINQ  GROUMD  in  THE  WARNER   MOUNTAINS  OF  CaUFORNI. 


FiQ.  2.— Winter  Range  in  Northwestern  Nevada. 
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Fkj.  1,— Ah  Overpastured  Hkjhlano  Meadow  in  the  Wasmiroton  Wheat  Reoion. 


Fio.  2.— An  Over  pastured  Lowland  Meadow,  Wenas  Valley,  Washington. 


r 


^ 


SEEDLiNa  Lilies  in  Bloom,  Six  Months  and  Thirteen  Days  After  Germinating. 

A.  Ullum  loDglBonini  ■><  L.  liarrisll:  B,  L.  hatiisli  x  L.  longlBarurD,  showtng  Ihikc  ttover. 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 
BDBSit  0!  PLAIIT  IHraSIET— BOLLBTH  BO.  38. 

B.  T.  UALLOWAY,  CMtf  nf  Auraiu. 


THE  PROPAGATION  OF  THE  EASTER 
LILY  FROM  SEED. 


GEORGE  W,  OLIVER.  Expert. 


SEED  AND  PLANT  lJt«W^€B^B*t*-^ND  DISTRIBUTION. 


WASHINQTON: 

aOTERNMENT    PRINTING    UFKICB. 
1903. 


A 


BURKAir  OF  PTjANT  INDUSTRY. 

Beverly  T.  Galloway,  ChU'^  of  Bureau, 


SEED  AND  PLANT  INTRODUCTION  AND  DISTRIBUTION. 

Ht^IENTIKIC   STAFF. 

A.  J.  PiKTERs,  Botaniift  in  Charge. 

David  (i.  Fairchild,  Agricultural  Explorer. 

W.  W.  Tracy,  sr.,  Special  Agent. 

S.  A.  Knapp,  Special  Agent. 

John  E.  W.  Tracy,  Ej-pM. 

(lEORUE  W.  Oliver,  Expert. 


2 


LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Pijlnt  Industry, 

Office  of  the  Chief, 
Washington.,  D.  C. ,  May  -4,  1903. 

Sm:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  ''  The 
Propagation  of  the  Easter  Lily  from  Seed,"  and  respectfully  recom- 
mend that  it  be  published  as  No.  39  of  the  series  of  Bulletins  of  this 
Bureau. 

This  paper  was  prepared  by  Mr.  George  W.  Oliver,  Expert,  and 
was  submitted  for  publication  by  the  Botanist  in  Charge  of  Seed  and 
Plant  Introduction  and  Distribution. 
Re8pectfull\% 

B.  T.  Galloway, 

Chiefmof  Bureau. 

Hon.  James  Wilson, 

Secretary  of  A(jr! culture. 


'/ 


I 


CONTENTS. 


Puflfe. 

The  Bermada  lily *. 7 

Varieties  of  Lilium  longiflorum  from  Japan 8 

Deterioration  of  the  Bermuda  and  Japan  grown  lilies 9 

Kecent  efforts  to  cultivate  the  Easter  lily  in  the  United  States 11 

Lines  of  investigation  carried  on  by  the  Department  of  Agriculture 13 

Planting  in  the  open  ground 15 

Reproduction  from  seed 16 

Emasculating  and  pollinating  the  flowers 18 

Sowing  the  seeds 19 

Pricking  off  the  seedlings 20 

Description  of  plates 24 

5 


ILLL'STRATIONS. 


Page 
Plate  I.  Seedling  lilies  in  bloom,  six  months  and  thirteen  days  after  germi- 
nating. A. — Lilium  longiftorum  X  L.  harrmi,     B. — LUium  harrigU 

X  L.  hngijforum * Frontispiece. 

II.  LUium  longifloram:  Fig.  1. — Tall-growing  variety  from  Japan. 
Fig.  2. — Low-growing  variety  from  Japan,  with  Idhg,  broad  leaves. 
Fig.  3. — Tall-growing  variety  from  Japan,  with  long  and  broad 
leaves  along  the  entire  length  of  the  stem 24 

III.  Capsules  and  seeds  of  Lilium  harrim  X  L.  longiftorum 24 

IV.  Lilium  hajrisii  X  L.  longiftorum:  Fig.  1. — Seedlings  in  2-inch  pots, 

five  weeks  after  germination.     Fig.  2. — Seedlings  in  2}-inch  pots, 

ten  weeks  after  germination 24 

V.  LUium  harriifii  X  L.  longiftorum:  Fig.  1. — Bulb  eighteen  weeks  after 

germination.     Fig.   2. — Seedling  bulbs  of    LUium  harri^ii  X   L. 

longiftorum^  grown  from  seed  within  ten  months 24 

VI.  Diseased  Bermuda  lily  bull)*?:  A. — Cross  section  of  bulb  that  began 
to  grow,  though  the  tissue  was  eaten  by  mites.     B. — Cross  section 

of  bulb,  with  bud  eaten  by  mites,  that  failed  to  grow 24 

VII.  (Termination  of  Lilium  Umgiftorum 24 

6 


B.  P.  I.-50.  fl.  P.  I.  I>.-82 

THE  PROPAGATION  OF  THE  EASTER  LILY 

FROM  SEED. 


In  the  United  States  Liliiini  harrtsii  came  into  prominence  nearly 
twenty-five  years  ago,  a  few  bulbs  being  brought  from  the  Beimudas 
about  that  time.  These  were  propagated  and  their  superiority  for 
early  forcing  demonstrated.  Elwes,  in  his  monograph  of  the  genus 
Lilium.  mentions  the  introduction  of  the  same  variety  from  Japan  into 
Great  Britain  at  about  the  same  period.  He  also  states  that  the 
Lilium  hmgijl^mun  was  introduced  into  Great  Britain  by  the  Royal 
Horticultural  Society  in  1819.  Lilium.  harrisii  has  the  distinction  of 
coming  into  bloom  much  earlier  than  the  true  Z.  I/mgijlomm  with 
similar  treatment.  It  is  probably  the  type  of  Z.  hmgiflorum  which 
i»  found  farthest  south  in  the  region  where  that  species  is  indigenous. 
This  region  comprises  southern  and  central  China,  the  liiu  Kiu 
Islands,  and  south  Japan. 

From  small  beginnings  a  little  more  than  twenty  years  ago,  the 
Easter-lily  industry  has  assumed  vast  proportions  in  recent  years.  In 
Bermuda  more  than  3,000,000  bulbs  are  exported  annually  to  the 
United  States.  In  Japan,  at  the  present  day,  millions  of  bulbs  are 
grown  from  seed  each  year,  the  demand  being  so  large  that  enough 
can  not  be  grown  from  vegetative  reproduction.  But,  unfortunately, 
up  to  the  present  time  there  has  been  no  selection  from  the  seedlings. 
This  is  the  reason  why  with  each  importation  from  Japan  many  bulbs 
are  found  which,  when  the  plants  begin  to  bloom,  lack  uniformity  in 
size  of  stem,  time  of  flowering,  and  other  characteristics.  It  is 
reported  that  the  Japanese  department  of  agriculture  has  taken  the 
matter  in  hand,  with  a  view  to  inducing  the  growers  to  weed  out  infe- 
rior seedlings  and  propagate  only  from  the  best.  It  is  owing  princi- 
pally to  the  decadence  of  the  Bermuda  crop  that  the  demand  for  bulbs, 
chiefly  of  Z.  lim^iflorum  from  Japan,  has  increased  so  very  markedly 
in  recent  years.     In  1879  the  value  of  the  bulbs  exported  from  that 
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country  was  |2,500;  in  1895,  $40,000.  In  1899,  however,  the  figures 
jumped  to  $130,000,  and  the  increase  during  the  past  thi*ee  seafions 
has  doubtless  made  corresponding  strides. 

VABIETIES  OF  LILIUM  LONQIFLOBT7M  FBOM  JAPAK. 

The  bulbs  imported  from  Japan  are  chiefly  Z.  longiflorum.  Among 
them  are  several  distinct  varieties  which  differ  from  each  other 
principally  in  the  periods  of  blooming,  but  also  in  foliage,  flowers,  and 
general  habit.  Some  have  ,the  leaves  close  together  on  the  stem,  the 
longest  and  broadest  at  the  base^  gradually  shortening  as  the  sunmiit  is 
reached.  (See  PI.  II,  fig.  1.)  Others  have  broad  leaves,  not  so  numerous 
as  in  the  case  of  the  plant  just  mentioned  and  with  less  difference  in 
breadth  and  length  between  those  at  the  base  of  the  stem  and  those 
near  the  apex  (PL  II,  figs.  2  and  3.)  Some  of  the  forms  appear  to  be  of  a 
fixed  type  so  far  as  scarcity  of  blooms  is  concerned.  This  is  attributed 
to  seedling  stock  raised  from  unselected  parentage  and  the  failure  to 
breed  continuously  from  the  most  desirable  of  the  seedling  plants.  If 
this  is  the  case,  as  there  is  good  evidence  to  suppose,  it  is  little  wonder 
that  the  imported  stock  lacks  uniformity  in  many  of  the  most  desirable 
characteristics. 

Among  the  numerous  forms  there  is  one  which  shows  great  supe- 
riority over  the  others.  In  every  respect  it  may  be  regarded  as  an 
ideal  lily.  It  is  said  to  have  been  found  in  a  certain  locality  in  Japan 
and  named  after  the  place  where  it  was  discovered.  It  is  offered  by 
two  dealers  under  the  names  Z.  longifioruin  giganteum  and  Z.  longi- 
iiorufii  eirimeiim  giganteum.  It  is  said  to  be  a  difficult  subject  to  propa- 
gate vegetatively;  consequently  it  is  higher  priced  than  any  of  the 
others.  Some  years  ago  when  first  sent  to  this  country  it  was  thought 
to  be  a  natui'al  hybrid  between  Z.  hmgijioTum.  and  Z.  hrowniL  The 
leaves  of  this  varict}^  are  not  as  numerous  as  in  some  varieties  of  Z. 
longljt<jrum\  they  gradually  taper  from  base  to  summit,  but  in  this 
respect  are  not  as  pronounced  as  in  some  other  forms.  The  stem  for 
seveml  inches  above  the  base  is  of  a  blackish-brown  color.  The  flowers 
are  graceful  in  shape,  the  tube  is  short,  and  the  diameter  across  the 
perianth  is  large.  The  texture  of  the  flower  is  much  firmer  than  that 
of  any  other  cultivated  lily,  and  the  color  is  of  a  dazzling  clear  white. 
Either  on  the  plant  or  in  a  cut  state  the  flowers,  by  reason  of  their 
thick  texture,  last  longer  than  those.of  any  other  form  of  Z.  longifio- 
mm.  With  regard  to  the  time  it  takes  to  force,  it  occupies  a  position 
in  this  respect  midway  between  Z.  hmgiflrrram  and  Z,  harrisii. 
Unfortunately,  however,  disease  is  quite  as  prevalent  in  this  form  as 
in  others.  Therefore,  the  propagation  of  the  limited  amount  of  stock 
available  by  scales,  offsets,  or  division,  and  under  the  same  conditions 
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as  those  existing  in  the  Bermudas  will  be  accompanied  with  no  better 
results  than  are  found  in  the  Z.  harrisii  product  of  the  iKland.  A 
bright  future  for  this  plant  is  predicted,  not  only  on  its  individual 
merits  but  also  as  a  parent,  both  male  and  female,  from  which  to  raise 
new  forms  through  crossing  with  other  varieties  of  L.  longificmm. 

In  the  greenhouses  of  the  Department  of  Agriculture  there  are  at 
present  several  combinations  between  this  plant  and  the  most  approved 
forms  of  Z.  harri»iL  The  plants  are  still  in  the  seedling  stage,  but 
they  will  be  watched  with  very  great  interest  to  determine  the  results 
of  careful  cross  fertilization  with  the  other  varieties.  Although  the 
plants  are  so  small  that  100  could  easily  be  put  inside  of  a  thimble, 
tbey  are  expected  to  flower  within  seven  months. 

Some  bulbs  of  this  little-known  variety  which  were  planted  out  in 
the  open  during  the  autumn  of  1901  along  with  other  Z.  lorujiflxmvin 
and  Z.  Juirrisii  plants,  to  test  their  hardiness  and  blooming  periods 
and  also  to  learn  of  their  adaptability  to  the  soil  of  this  sex'tion,  showed 
that  they  were  not  only  liardy,  but  that  the  blooming  period  was  ten 
days  in  advance  of  the  earliest  of  the  Z.  l/mgifl^mm .  The  bulbs 
planted  were  small  and  when  lifted,  during  the  latter  part  of  August, 
were  found  to  have  increased  considerably  in  size,  besides  making 
jseveral  small  bulbs  at  the  bases  of  the  stems.  The  soil  used  is  com- 
posed of  friable  loam,  having  been  under  cultivation  a  long  time,  but 
no  manure  had  been  given  within  two  years  before  planting.  Two  dry 
spells  occurred  during  the  period  of  growth  and  this  retarded  their 
development  to  some  extent. 

BETEHIORATION  OF  THE  BERMUDA  AND  JAPAN  QBOWN  LILIES. 

Owing  to  the  frequent  and  constantl}'^  increasing  number  of  com- 
plaints relative  to  the  diseased  condition  of  the  Bemiuda  and  Japan- 
grown  Easter  lilies,  the  growers  of  this  country'  are  confronted  with 
a  condition  to  which  considerable  attention  has  already  been  given 
with  a  view  to  mitigating  the  troubles  with  which  they  have  to  con- 
tend in  forcing  the  bulbs  into  bloom.  When  it  is  considered  that 
probably  over  5,000,000  lily  bulbs  are  forced  into  flower  during  the 
winter  and  spring  months,  it  will  be  seen  that  the  crop  is  of  great 
value;  but  notwitstanding  all  that  has  been  done,  the  experiences  of 
the  principal  greenhouse  men  indicate  that  the  profits  are  very  much 
curtailed  owing  to  the  diseased  condition  of  the  plants. 

This  disease  shows  its  presence  by  the  leaves  becoming  more  or  less 
discolored  and  the  shape  of  the  leaf  altered  so  as  to  appear  twisted. 
The  Bowel's  also  lack  the  usual  form  and  substance  and  the  whole 
plant  \s  dwarfed.  When  in  bloom,  if  it  ever  reaches  that  stage,  the 
diseased  plant  does  not  bring  one-fourth  of  the  price  obtainable  for  a 
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healthy  plant.  During  the  past  year  complaints  have  been  received 
from  some  of  the  largest  growers  that  of  their  plants  the  bulbs  of 
which  were  obtained  from  Japan  and  Bermuda  from  20  to  60  per  cent 
were  diseased,  and  almost  all  of  these  were  unsalable. 

The  causes  of  the  diseased  condition  of  the  plants  have  been  inves- 
tigated by  the  best  pathologists  in  this  country  and  in  Europe.  Mr. 
A.  F.  Woods,  Pathologist  and  Physiologist  of  the  Bureau  of  Plant 
Industry,'  U.  S.  Department  of  Agriculture,  issued  a  bulletin  in  1897 
giving  the  result  of  his  investigations  of  the  lily  disease.*  In  this 
work  the  causes  of  the  disease  are  discussed  and  remedies  suggested. 
The  florists  of  this  country,  however,  who  force  the  lilies  have  not 
the  remedies  in  their  own  hands,  as  the  disease  is  present  in  the  bulbs 
before  they  are  imported.  In  a  later  paper  Mr.  Woods  has  discussed 
the  relation  of  nutrition  to  the  health  of  plants,  with  special  reference 
to  Lilium  hat^isii.^    ~ 

Lily  growing  on  the  Bermuda  Islands  is  an  exceedingly  profitable 
industry.  Practically  all  the  land  available  for  the  production  of  bulbs 
is  utilized  for  this  purpose,  and  while  the  rotation  of  crops,  together 
with  the  most  approved  methods  of  selection  and  cultivation,  would 
undoubtedly  be  eventually  a  good  policy  for  the  growers  to  pursue, 
yet,  except  in  the  case  of  the  more  progressive  growers,  there  is  little 
likelihood  of  this  being  done,  as  it  would  materially  decrease  the 
revenue  from  lily  famung  for  the  time  being.  This  will  readily  be 
understood  when  it  is  stated  that  an  acre  of  lilies  will  bring  from 
$1,000  to  $2,000.  Some  growers  on  the  islands  who  thoroughly  appre- 
ciate the  importance  of  careful  methods  are  using  small  bulbs  in  pref- 
erence to  scales,  and  are  selecting  and  fertilizing  carefully,  but  thej' 
are  heavily  handicapped  by  the  many  small  growers  who  cultivate 
their  crops  according  to  old  methods;  and  in  these  cases  there  is  no 
selection  with  a  view  to  producing  and  perpetuating  good  types.  Little 
manure  is  given.  The  methods  of  propagation  are  very  faulty  ani 
the}^  have  not  been  changed  since  the  beginning  of  the  industry  in 
the  islands.  For  instance,  in  the  growing  of  the  bulbs  for  American 
markets  the  smaller  sizes  are  planted  in  the  fall  and  harvested  in  July, 
or  before  the  bulbs  have  thoroughly  ripened.  In  the  process  of  han- 
dling, many  of  the  immature  scales  drop  from  the  bulbs.  These  are 
not  thrown  away,  as  they  ought  to  be,  but  are  carefully  saved  and 
planted  with  a  view  to  raising  small  bulbs.  These  bulbs  ultimately 
form  a  large  part  of  the  general  crop. 

As  a  result  of  some  investigations  made  by  the  United  States  Depart- 
ment of  Agriculture,  it  has  been  show^n  that  by  the  use  of  seeds  instead 

« Bulletin  No.  14,  Vegetable  Physiology  and  Pathology,  U.   S.   Department  of 
Agriculture,  1897. 

&  Yearbook  U.  S.  Department  of  Agriculture,  1901,  pp.  155-176. 


CULTIVATION   IN   THE   UNITED   STATES.  11 

of  scales  larger  biilbs  can  be  secured  in  a  much  shorter  time  than  can 
be  produced  by  the  scale  method.  If  the  general  crop  were  raised 
from  seeds  there  would  be  a  saving  of  at  least  a  year  in  the  production 
of  a  marketable  bulb.  Moreover,  it  has  been  demonstrated  that  in 
this  way  plants  can  be  grown  which  are  entirely  free  from  disease,  and, 
most  important  of  all,  that  the  seedlings  give  an  opportunity  to  select 
better  types  than  exist  at  the  present  time. 

BBCENT  EFFORTS  TO  CUIiTTVATE  THE  EASTER  LILT  IK  THE 

UNITED  STATES. 

For  some  yeai-s  efforts  have  l>een  made  to  cultivate  successfully  the 
Easter  lily  in  the  Southeastern  States.  This  work  is  of  considerable 
value  in  showing  future  growers  what  to  avoid,  l)ut  it  has  so  far  not 
been  demonstrated  tliat  the  lily,  with  the  methods  used,  can  be  grown 
to  compete  with  the  foreign  product.  Not  only  are  the  bulbs  late  in 
ripening,  but  when  hainrested  they  seldom  show  any  increase  in  size 
over  that  at  the  time  of  planting.  The  cultivation  of  the  lily  in  the 
Southern  States  has  evidently  been  conducted  with  a  view  to  produc- 
ing bulbs  which  would  ripen  in  July,  or  early  enough  to  compete  with 
the  Bermuda-grown  product.  This  result  has  not  been  accomplished, 
and  with  a  continuance  of  the  same  cultural  methods  it  is  not  likely  to 
be.  Furtheimore,  a  practice  which  has  undoubtedly  contributed 
somewhat  to  this  lack  of  success  consists  in  using  the  stock  as  received 
from  the  Bermudas  and  Japan.  It  is  admitted  that  in  the  Southeast- 
em  States  the  climate  is  not  as  favorable  for  the  bulbs  as  it  is  in  the 
countries  mentioned;  therefore,  it  follow\s  that  early  planted  bulbs 
starting  into  growth  during  the  warm  days  of  autumn  and  weakened 
by  the  cold  spells  of  winter  will  fall  an  easy  prey  to  the  diseases  present 
in  the  imported  bulbs  when  planted.  If  success  is  to  be  attained  in  the 
future  in  producing  bulbs  of  marketable  size,  it  must  be  with  different 
methods  and  along  entirely  different  lines  from  those  followed  in  the 
past. 

It  has  been  demonsti-ated  by  Mr.  A.  F.  Woods,  of  the  Bureau  of 
Plant  Industry,  that  bulbs  of  the  Easter  lily  can  be  carried  over  a  sea- 
son in  cold  storage.  Not  only  is  this  operation  a  success  in  it^self,  but 
it  has  resulted  in  showing  that  the  bulbs  are  benelited  very  materially 
by  thb  treatment,  as  it  subjects  them  to  a  condition  to  a  certain  extent 
approaching  that  existing  in  Japan,  the  native  country  of  the  species, 
where  the  bulbs  are  heavily  covered  with  snow  during  the  resting 
period.  This  fact  opens  up  new  possibilities  in  the  cultivation  of  the 
lily.  Heretofore,  bulbs  have  been  planted  in  some  parts  of  the  South 
early  in  the  fall,  with  the  result  that  they  sprouted  considerably  before 
cool  weather  set  in.     In  fact^  the  growth  made  at  a  certain  period  was 
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quite  as  far  advanced  as  that  in  Bermuda  at  the  same  date;  but  the 
climatic  and  soil  conditions  being  so  different  in  the  South  from  those 
prevailing  in  Bermuda,  the  results  were  more  or  less  disastrous.  The 
growth  above  ground,  where  the  plant  was  not  killed  outrig'ht,  was 
more  or  less  injured  by  cold  and  other  generally  unfavorable  conditions. 
During  the  period  before  coming  into  bloom,  the  plants  rendered  sickly 
during  the  winter  often  suffered  severely  from  lack  of  moisture,  result- 
ing in  poorly  developed  bulbs. 

So  far,  practically  nothing  has  been  done  in  experimental  work  with 
a  view  to  giving  the  bulbs  the  most  favorable  conditions  to  develop, 
leaving  out  of  consideration  altogether  early  ripening  for  forcing  the 
following  fall.  It  is  the  intention  of  the  Department  of  Agriculture 
to  work  with  this  end  in  view,  not  only  in  the  South  but  in  the  Middle 
and  Northern  States  and  also  in  the  West. 

A  knowledge  of  the  proper  time  to  plant  the  bulbs  in  the  various 
sections  of  the  country  in  order  to  produce  a  bulb  of  maximum  size  in 
as  short  a  time  as  possible  but  in  a  thoroughly  ripe  condition  before 
being  harvested  is  most  important,  and  this  knowledge  is  to  be  gained 
only  by  carefully  conducted  trials.  Every  florist  who  is  interested 
should  experiment  in  a  small  way  to  ascertain  how  the  bulbs  will  suc- 
ceed out  of  doors  in  his  section  of  the  countrv. 

The  soil  problem  does  not  present  many  difficulties  beyond  the  selec- 
tion of  well-drained  situations  and  a  light,  sandy  loam,  which  can  be  kept 
sufficiently  moist  during  the  growing  season  to  prevent  the  plants  from 
receiving  a  check.  Treatment  should  be  accorded  a  portion  of  the 
bulbs  similar  to  that  found  to  succeed  with  bulbs  of  the  other  species 
of  Lilium^  such  as  Z.  auraium.  This  consists  in  placing  in  the  vicin- 
ity of  the  bulb,  moss  or  other  material  which  will  retain  more  moisture 
than  the  surrounding  soil.  During  dry  weather  this  is  found  to  be  an 
excellent  provision  for  supplying  the  growing  roots  with  moisture 
until  a  fresh  supply  is  received  from  rains  and  until  the  roots  pene- 
trate deeply  into  the  ground,  so  as  to  withstand  dry  spells.  In  trials 
of  this  nature  the  bulbs  should  be  allowed  to  stay  as  long  as  possible 
in  the  ground  after  the  tops  decay.  They  should  be  harvested  just 
before  there  is  danger  of  their  beginning  growth  for  the  following 
season,  because  any  interference  that  tends  to  cause  premature  shriv- 
eling and  dec^y  of  the  thick  roots  near  the  base  of  the  bulb,  such 
as  harvesting  before  natural  ripening  occurs,  invariably  occasions  a 
shrinkage  of  the  tissue  of  the  outer  scales  and  incidentally  provides  a 
ready  means  of  ingress  for  fungi  and  bacteria  to  the  tissue  of  the  bulb 
through  the  ruptured  tissue  of  the  roots.  This  condition  of  preniature 
decay,  while  the  bulbs  of  the  field  are  subjected  to  moisture,  even  for 
a  short  time,  provides  favorable  harbors  for  mites,  which,  although 
their  purpose  at  first  may  be  merely  to  feed  on  the  decaying  tissues 
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and  act  as  scavengers,  will  ultimately  injure  what  remains  of  the  bulb 
by  attacking  the  living  tissues,  rendering  the  bulb  more  susceptible  to 
other  maladies.  Thus  by  a  system  of  vegetative  reproduction,  the 
bulbs,  even  though  they  be  in  a  healthy  condition  and  free  from  dis- 
ease of  all  kinds  previous  to  lifting,  may  afford  by  careless  harvesting 
a  lodgment  for  various  enemies  and  give  opportunities  favorable  for 
disease  year  after  year. 

LINES  OF  INVESTIGATION'  CATJRTKD  ON  BY  THE  BEPABTKENT 

OF  AaBICTTLTTTBE. 

That  the  progress  of  the  disease  is  accelerated  through  the  present 
methods  of  handling  and  cultivation  is  shown  by  the  fact  that  in  the 
Bermudas  there  are  private  gardens  in  which  the  lily  has  been  undis- 
turbed for  years  where  the  plants  grown  show  no  trace  of  disease. 
The  recent  investigations  by  Mr.  A.  F.  Woods  show  that  the  disease 
is  due  to  several  causes,  and  may  be  brought  about  by  a  weakened 
condition  through  improper  harvesting,  resulting  in  the  attacks  of 
mites,  fungi,  and  bacteria.  There  is  nothing  to  indicate  just  how 
long  it  would  take  to  rid  the  plants  of  the  disease  by  giving  proper 
treatment  in  the  Bermudas,  but  the  easiest  way  out  of  the  difficulty 
appears  to  be  in  raising  and  selecting  stock  plants  not  from  scales,  but 
from  seeds,  and  in  planting  the  bulbs  within  our  own  borders,  where,  if 
given  the  care  which  the  crop  demands,  there  is » every  reason  to 
expect  that  the  difficulty  will  be  solved  in  the  near  future. 

In  a  large  number  of  seedlings  at  least  50  per  cent  can  be  counted 
upon  to  poss&ss  desirable  characteristics,  which  will  be  shown  the  first 
year  following  that  in  which  the  seed  is  sown  by  the  plants  coming 
into  flower.  The  remainder  can,  if  it  is  thought  necessary,  bo  dis- 
carded and  the  good  ones  grown  on  for  forcing,  the  size  necessary  for 
which  will  be  attained  the  season  following,  or  within  two  years  from 
the  time  the  seeds  are  sown.  The  very  best  of  these  seedlings,  some 
of  which  will  undoubtedly  show  superiority  in  several  ways  over  the 
parents,  can  be  retained  for  seed,  and  by  keeping  up  the  svstem  of 
selection  there  will  develop  in  a  very  few  years  strains  from  seed 
which  will  be  superior  to  most  of  the  plants  placed  upon  the  market 
at  the  present  day. 

In  beginning  the  work  of  bulb  growing  in  the  United  States  along 
entirely  new  lines  there  seemed  little  probability  of  securing  stock 
from  the  Bermudas  or  Japan  for  vegetative  reproduction,  which 
could  be  relied  upon  as  absolutely  free  from  disease.  There  are  locali- 
ties in  the  Bermudas  where  lilies  are  growing  which  appear  to  be  quite 
healthy;  there  is,  however,  a  danger  of  the  bulbs  being  more  or  less 
contaminated,  owing  to  the  close  proximity  of  the  districts  where  the 
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diseased  bulbs  are  grown.     Therefore  recourse  must  be  had  to  some 
method  other  than  vegetative  reproduction  from  foreign-grown  bulbs. 

The  beginning  of  the  experimental  work  along  this  line  has  been 
carried  on  with  the  utmost  care.  Several  bulbs  of  the  true  Z.  longi- 
-flomiYi  and  its  principal  forms  were  secured.  These  bulbs  showed  no 
indications  of  the  presence  of  the  disease  by  the  usual  diagnosis.  As 
the  growth  above  ground  developed,  those  plants  which  in  any  way 
showed  signs  of  abnormal  development  were  removed  from  the  green- 
house and  destroyed.  A  rigid  process  of  selection  was  carried  on  up 
to  the  time  the  plants  came  into  flower,  with  the  result  that  at  the 
blooming  period  the  various  groups  were  made  up  of  fine  specimens 
of  the  several  types  of  Z.  longiforuni.  These  were  Z.  /.  exlvunim^ 
otherwise  Z.  Jvarriail^  Z.  /.  latlfoHuni^  Z.  Z.  inxdfijlorum  and  Z.  /. 
eximeum  giganteiun.  Each  group  was  kept  separate  from  the  others 
so  that  there  should  be  no  likelihood  of  accidental  intercrossing. 
Those  plants  which  were  selected  as  seed  bearers  were  emasculated 
while  the  anthers  were  still  immature.  In  no  case  was  a  plant  allowed 
to  have  a  flower  fertilized  b^^  its  own  pollen  or  even  from  that  of  other 
flowers  on  the  same  plant.  In  this  way  the  chances  are  the  greater 
that  the  resulting  seedlings  will  show  more  vigor  than  if  each  flower 
had  been  self-pollinated,  or  if  pollen  had  been  transferred  from  one 
flower  to  others  on  the  same  plant. 

A  series  of  crosses  were  effected  between  differing  forms,  which  it 
is  hoped  will  result  in  securing  types  different  from  those  now  in  cid- 
tivation.  The  flowers  of  several  plants  of  L,  hmgiflomm  were  fecun- 
dated with  pollen  taken  from  flowers  of  Z.  harnsiu  and  vice  versa. 
The  seedlings  from  these  crosses  have  alreadv  flowered,  and  the  results 
are  very  satisfactory.  They  arc  especially  valuable  in  pointing  out 
future  work  along  the  same  lines.  The  progress  made  by  the  seed- 
lings as  a  result  of  these  crosses  is  somewhat  remarkable,  in  that  they 
bore  flowers  in  a  comparatively  shout  time  after  germinating.  Plate 
III  shows  the  capsules  and  seeds  of  Z.  harrhll  crossed  with  Z.  h>ngi- 
forum,  Plate  VII  represents  the  different  stages  of  germination. 
In  Plate  IV,  fig.  1,  the  seedlings  are  in  2-inch  pots,  about  fivB  weeks 
after  making  their  appearance  above  the  soil.  In  three  of  the  seed- 
lings the  seed  coats  are  seen  adhering  to  the  ends  of  the  seed  leaves. 
A  later  stage  is  mdicated  in  Plate  IV,  fig.  2,  where  the  seedlings  are 
more  advanced,  having  made  from  two  to  four  character  leaves.  This 
represents  the  progress  made  in  ten  weeks  after  germinating.  From 
this  stage  onward  the  growth  is  quite  rapid. 

In  Plate  V,  fig.  1,  is  seen  a  seedling  with  all  the  radical  leaves  showing, 
but  not  fully  developed.  This  is  the  stage  just  previous  to  the  devel- 
opment of  the  flower  stem.     The  bulb  at  this  period  is  nearly  3  inches 
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in  circumference  and  is  wholly  formed  of  the  bases  of  the  leaves. 
Thb  particular  bulb  was  in  no  way  injured  by  the  soil  being  washed 
from  the  roots;  it  was  repotted  and  formed  a  stem,  which  bore  two 
flowers. 

Of  the  two  seedlings  in  flower  (PI.  I)  the  one  to  the  left,  marked  **A," 
is  Z.  longijloTum^  crossed  with  Z.  harrmi;  that  to  the  right,  marked 
"  B/'  is  the  reciprocal  cross.  There  is  a  very  marked  diflference  in  the 
size  of  the  flowers,  the  one  to  the  right  being  fully  2  inches  longer 
&an  the  other.  This  difference  was  observable  in  nearly  all  of  the 
individuals  of  the  Z.  Karrisii  X  Z.  longfjlonini  batch. 

The  bulbs  shown  in  Plate  V,  fig.  2,  are  the  largest  which  were 
formed.  They  belong  to  the  L.\harri%ii  X  Z.  longifior^im  batch  and 
were  harvested  on  the  15th  of  August,  \i^n  months  and  fourteen  days 
after  the  seeds  germinated.  The  bulb  to  the  right  measured  6  inches 
in  circumference.  Each  of  the  plants  bore  three  average-sized  flowers. 
It  will  be  seen  that  the  bulb  formed  as  in  Plate  V,  fig.  1,  has  disap- 
peared, and  new  bulbs  with  true  scales  have  formed  at  the  bases  of 
the  stems. 

PliANTING  IN  THE  OPEN  GBOUND. 

Bati'hes  of  lilies  for  experimental  work  in  ascertaining  loi*alities 
favorable  to  the  production  of  bulbs  should  be  planted  late  or  early 
according  to  the  particular  section  of  the  country  in  which  the  exper- 
iment is  to  be  conducted.  In  the  North  it  may  be  considered  safe  to 
put  them  in  the  ground  during  the  latter  half  of  September.  Farther 
south  the  planting  should  be  delayed  so  that  there  may  be  no  danger 
of  the  growth  showing  alx)ve  ground  previous  to  freezing  weather. 

In  the  North  a-s  hard  freezing  weather  approaches  the  ground  in 
which  the  bulbs  are  planted  should  have  a  heavy  mulch  of  such  a 
nature  as  to  be  easily  removed  in  spring.  This  mulch  will  serve 
several  purposes;  it  will  help  to  keep  the  soil  around  the  bulb  at  an 
equable  temperature  and  prevent  rapid  thawing  and  freezing  at  and 
near  the  surface  of  the  soil.  Throughout  the  South,  especially  in  the 
districts  within  the  frost  belt,  the  mulch  need  not  be  heav}^  and  should 
consist  of  half-decayed  leaves  or  very  old  manure,  so  that  there  will 
exist  no  necessity  for  its  removal  when  the  growths  are  making  their 
way  through  the  soil.  It  should  not  be  applied  too  soon,  as  there  is 
^en  a  danger  of  the  soil  being  kept  too  warm,  thus  encouraging  the 
shoots  to  push  above  the  soil  before  the  advent  of  cold  weather.  In  all 
^^^^  a  mulch  should  be  spread  over  the  soil  during  hot,  dry  weather. 

So  far  as  the  requirements  of  the  lilies  are  understood,  correct  con- 
ditions would  not  be  supplied  by  repeated  cultivation  between  the 
^ws.    Those  conditions  could  be  secured  best  by  a  system  of  mulching 
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to  keep  the  sun  from  wanning  the  soil  too  much  near  the  surface  or 
else  by  the  substitution  of  some  kind  of  a  shade  crop  to  protect  the« 
soil  from  the  sun's  rays.     This  crop  would,  of  course,  have  to  be  of 
such  a  nature  aj9  not  to  rob  the  soil  of  too  much  of  the  food  and  mois- 
ture necessary  for  the  growth  of  the  lilies. 

Again,  the  bulbs  may  be  grown  in  beds,  as  in  the  Bermudas,  and: 
close  enough  together  to  shade  the  ground  to  a  certain  extent.  In  any 
event,  the  cool  and  fairly  moist  condition  of  the  surface  soil  is  a  most 
essential  point  to  be  observed  in  the  cultivation  of  the  lily.  In  plant- 
ing, the  depth  to  which  the  bulbs  should  be  placed  should  range  from 
4  to  6  inches,  according  to  the  size  of  1-year-old  bulbs. 

In  this,  as  in  every  other  crop,  there  are  so  many  details  essential 
to  successful  cultivation,  all  differing  with  the  localities,  that  the  above 
directions  must  be  construed  merely  as  suggestions.  Lily  farming  in 
the  United  States  is  so  new  that  one  must  not  be  discouraged  if  at  first 
failure  results  from  treatment  which  applied  to  most  other  crops 
would  mean  success. 

BEPBOBUCTIOV  FROM  SEED. 

A  point  greatly  in  favor  of  raising  Z.  longifloriwi^  Z.  harri^ii^  or 
any  of  the  other  forms  from  seed,  to  constitute  the  crop  of  market- ' 
able  bulbs,  is  that  from  one  to  two  years'  time  is  saved  in  the  opera- 
tion over  the  scale  method.  This  in  itself  will  appeal  to  most  people; 
but  it  is  by  no  means  the  best  feature  of  the  method,  as  will  be  shown 
later  on. 

Plate  V,  fig.  2,  shows  bulbs  which  measured  6  inches  in  circum- 
ference at  a  period  only  ten  months  after  the  seeds  germinated. 
These  bulbs  each  produced  three  flowers  above  the  average  size.  Much 
poorer  plants  are  sometimes  retailed  at  $1  each.  So  easy  is  it  to  i-aise 
flowering  plants  from  seed  that  the  writer  is  inclined  to  believe  that 
should  the  time  come  when  the  disease  is  more  rampant  than  at 
present,  growers  will,  when  the  subject  is  better  understood,  be  able 
to  raise  their  own  bulbs  by  a  system  of  greenhouse  treatment  and  have 
the  plants  from  seed  flowering  in  pots  re^Ay  to  be  sold  within  a  year. 

This  would  probably  seem  like  a  fairy  tale  to  the  participants  of  the 
lily  conference  held  in  London  in  1901.  One  of  the  papers  read  at 
that  time  states  that  many  species  of  Lilmm  must  have  from  ten  to 
twelve  yea,rs  to  develop  a  flowering  bulb  from  the  seed.  Elwes,  in 
his  Monograph  of  the  Genus  Lilium,  says  of  Z.  longiflot*um:  "In 
three  or  four  years  at  most  flowering  bulbs  will  be  produced  from 
seed  if  the  young  plants  are  properly  treated."  This  means  that  by 
the  English  method  of  raising  seedlings  the  plants  in  flower  take  five 
years  at  most  to  reach  that  stage. 
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There  exists  a  widespread  belief  that  in  raising  plants  from  seed  a 
long  time  elapses  before  they  come  into  bloom,  and  it  is  urged  against 
the  seed  method  that  a  certain  percentage  of  the  plants  in  a  batch  are 
late  in  coming  into  flower.  It  should  be  remembered,  however,  that 
this  is  more  or  less  the  case  with  all  kinds  of  plants  where  the  method 
of  vegetative  reproduction  is  suddenly  changed  to  that  of  reproduction 
from  seed.  In  all  cases  this  irregularity  of  the  blooming  period  lasts 
only  for  a  time. 

There  is  a  possibility  of  fixing  types  in  seedling  lilies  as  in  all  other 
plants  raised  from  seed,  but  just  how  long  a  time  would  elapse  l>efore 
this  desired  result  would  be  attained  has  not  been  detennined.  A  few 
generations  would  probably  cover  the  period. 

But  even  were  there  no  possibilities  of  fixing  types  from  seminal 
reproduction,  the  supposition  that  this  method  of  propagation  is  a 
drawback  because  of  late  bloomers  is  very  erroneous.  This  point  has 
been  raised  against  the  method  chiefly  bi^cause  it  has  never  been  tried 
systematically.  A  batch  has  been  raised  giving  only  aV)out  75  per 
cent  of  bulbs  that  can  be  depended  upon  to  produce  plants  that  will 
open  their  flowers  within,  say,  a  period  of  ten  days;  but  even  so,  with 
the  gain  of  increased  vigor  and  the  saving  of  time  required  in  the 
production  of  a  marketable  bulb,  it  will  pay  handsomely,  even  if  the 
late  bloomers  are  discarded  while  in  the  growing  stage  in  the  field  and 
only  the  early  blooming  bulbs  are  harvested.  However,  there  is  no 
necessity  for  so  radical  a  treatment.  The  early  bloomers  can  be  sepa- 
rated from  those  which  bloom  late,  and  sold  accordingly.  There  is  a 
demand  for  healthv  bulbs  at  whatever  time  thev  bloom.  Furtliermore, 
by  judicious  selection  of  seed  parents — that  is,  those  which  come  ear- 
liest into  bloom,  having  other  desirable  characteristics  to  recommend 
them — and  by  careful  cross-fertilization  of  these  forms  there  is  an 
absolute  certainty  of  fixing  types  which  will  be  satisfactory  in  every 
respect. 

Nearly  every  lily  has  been  propagated  asexually  up  to  the  present 
time,  and  the  system  is,  to  a  certain  extent,  answerable  for  the  wretched 
condition  of  the  crops,  which,  even  with  intelligent  care  in  our  green- 
houses, show  from  40  to  60  per  cent  of  diseased  plants.  Most  growers 
would  greatly  prefer  to  have  only  25  per  cent  of  late  bloomers  in  a 
batch  of  healthy  bulbs  from  seed  than  that  the  present  conditions 
affecting  the  Bermuda  and  Japan  bulbs  should  continue. 
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EMASCULATING  AND  POLLINATINO  THE  FLOWERS. 

To  mise  seedlings  of  ain-  desirable  variety  of  Lilinm  longijf/yrum 
which  will  reproduce  as  nearly  as  possible  the  same  characters  pos- 
sessed ])y  the  parents,  it  is  necessar}'  to  take  precautions  against  the 
possibility  of  pollen  from  less  desirable  forms  being  deposited  upon 
the  stigmas  of  the  flowers  selected  to  bear  seed.  In  the  flower  of  the 
Easter  lily  the  anthei*s  reach  maturity  a  little  in  advance  of  the  period 
when  the  stigma  is  in  a  receptive  condition.  The  early  ripening  of 
the  pollen  and  the  large  size  of  the  anthers  make  it  easy  to  remove  the 
stamens  at  quite  an  early  stage  in  the  life  of  the  flower. 

Emasculation  can  be  performed  with  a  certain  degree  of  safety  after 
the  perianth  segmejits  expand,  but  it  is  accomplished  with  greater 
certainty  while  the  flower  is  in  the  bud  stage.  When  the  operation  is 
performed  early  it  seems  to  divert  to  the  pistil  the  substance  which 
otherwise  would  l>e  utilized  in  the  development  of  the  stamens.  Thus, 
if  the  stamens  are  allowed  to  remain  and  pollinate  the  same  flower 
with  its  own  pollen,  or  that  from  the  flower  of  another  individual,  the 
resulting  capsule  of  seed  is  smaller  than  that  borne  b}'  an  artificially 
pollinated  flower  \yhich  had  previously  been  emasculated.  To  remove 
the  stamens  at  an  earlv  stage  it  is  necessarv  to  :*ut  off  one  or  two 
divisions  of  the  perianth  for  at  least  one-third  of  their  length.  The 
stamens,  being  very  large,  are  then  easily  removed  with  the  aid  of  a 
pair  of  forceps.  The  condition  of  the  stigma  most  favorable  for  the 
reception  of  the  j>ollen  is  indicated  by  its  having  acquired  full  size  and 
by  its  color  changing  from  a  greenish  white  to  creamy  white.  This 
period  occurs  just  before  the  surface  of  the  stigma  is  copioush'  cov- 
ered with  a  viscid  secretion.  Before  the  secretion  appears  the  pollen 
takes  immediate  effect.  Fecundation,  when  successful,  is  indicated 
by  the  mpid  withering  of  the  perianth;  also  by  the  ovary,  which,  in  a 
few  days,  will  assume  a  vertical  position  instead  of  remaining  hori- 
zontal. (PI.  II,  figs.  1  and  2.)  In  this  position  it  will  continue,  in  the 
absence  of  fertilization,  until  it  falls  off'  or  withers. 

It  is  of  importance  that  the  actual  work  of  applying  pollen  from  the 
anthers  of  one  flower  to  the  stigma  of  another  be  performed  during 
the  earh'  part  of  the  day,  choosing  a  time  when  the  sun  is  likely  to  l)e 
unobscured  for  seveml  hours.  The  air  should  also  be  dry  and  warm. 
It  is  not  necessary  to  use  a  brush  in  transferring  the  pollen.  With  a 
pair  of  forceps  an  anther  may  be  removed  by  severing  a  filament  at 
about  half  an  inch  l)elow  the  point  of  attachment.  The  pollen  grains 
on  a  single  anther  are  sufficient  to  cover  thoroughly  the  surface 
of  the  stigma.  While  held  by  the  forceps  the  anther  should  be 
rubbed  against  the  stigma  until  the  latter  is  covered  with  the  pollen 
grains.     This  condition  is  easily  observed  by  the  bright  yellow  color 
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and  copious  supply  of  pollen.  The  pollinated  flower  .should  not  be 
covered  with  paper  bags.  These,  as  a  rule,  serve  well  with  other 
kinds  of  flowers  where  artificial  pollination  is  resorted  to  in  keeping 
out  insects  and  preventing  pollen  being  brought  by  other  agencies, 
but  in  the  flowers  of  Lilium  thev  are  usuallv  hurtful,  because  the 
atmosphere  suri'ounding  the  stigma  is  to  a  certain  extent  stagnant  on 
account  of  the  thick  texture  of  the  paper  interfering  with  the  free 
admission  of  air.  If  this  condition  is  present  while  the  very  co])ious 
secretion  is  over  the  large  stigma,  some  of  the  pollen  grains  decay, 
and  the  result  is  that  a  moldy  growth  will  occur  over  the  entire  pol- 
linated surface.  Light  gauze  or  cheese-cloth  bags  will  be  found  excel- 
lent substitutes  for  paper  bags.  There  is  little  probability  of  pollen 
grains  being  carried  about  by  a  movement  of  the  atmosphere  or  the 
visitations  of  insects,  but  it  is  better  to  guard  against  the  danger  of 
undesirable  pollen  gaining  access  to  the  stigma. 

In  all  of  the  varieties  the  seed  vessels  take  from  eight  to  ten  weeks 
to  reach  maturity.  This  is  indicated  by  a  change  of  color  from  pea- 
green  to  a  light  sti*aw-colored  hue,  at  first  near  the  apex,  then  grad- 
ually extending  toward  the  ba3e.  When  the  basal  part  changes  its 
color  the  seeds  are  ripe.  The  seed  vessel  at  this  stage  begins  to 
dehisce,  starting  at  the  apex  and  splitting  into  three  parts,  each  part 
containing  two  rows  of  seed  closely  ari'anged  lengthwise.  When  the 
vessels  begin  to  open  they  should  be  gathered  and  kept  in  an  uncov- 
ered receptacle  until  most  of  the  moisture  in  the  walls  of  the  seed  ves- 
sel has  evaporated.  In  a  day  or  two  the  seeds  must  be  removed  from 
the  capsules.  They  are  then  damp  to  the  touch  and  should  not  be 
excluded  from  the  air  while  in  this  state,  as  there  is  danger  of  th(»ir 
becoming  moldv.  Thev  should  be  spread  out  on  travs  for  a  dav  or  so 
to  dry.     Afterwards  they  can  be  kept  in  jars  until  wanted  for  sowing. 

SOWING  THE  SEEDS. 

In  places  having  a  similar  winter  climate  to  that  of  the  Bernuidas, 
or  where  the  minimum  temperature  does  not  fall  below  45  F.,  the 
seedlings  may  be  raised  out  of  doors  without  the  aid  of  greenhouse 
structures  but  with  the  protection  of  sash  throughout  the*  germinating 
period  and  until  the  plants  have  made  the  first  thret^  or  four  leaves. 

The  plants  can  be  brought  to  this  stage  by  the  F)eginning  of  Septem- 
ber and  transferred  to  convenient  distances  apart  in  beds,  where  the}' 
will  make  rapid  growth.  The  seeds  should  be  sown  in  beds  in  rows 
from  5  to  6  feet  wide.  To  have  the  soil  in  which  the  seed  is  to  be 
sown  of  sufficient  warmth  to  promote  a  steady  growth,  there  should 
be  at  least  3  inches  of  stable  litter  and  leaves  placed  in  the  bottom  of 
the  bed.     Loamy  soil,  mixed  with  one-third  vegetable  hunuis,  should 
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be  placed  over  the  litter  to  a  depth  of  at  least  6  inches.  This  should 
be  well  firmed  and  raked  smooth.  The  seed  should  be  sown  quite 
thickly,  as  the  seedlings  have  small,  narrow  leaves  and  occupy  but 
little  space  until  they  are  ready  for  pricking  off.  After  the  surface 
of  the  seed  bed  has  been  mked  quite  smooth  the  seeds  should  be  sown 
evenl}'  over  the  bed,  from  6  to  10  to  each  square  inch  of  surface, 
according  to  the  qualit}"  of  the  seed.  The  seeds  can  be  pressed  into 
the  soil  with  the  back  part  of  a  spade  or  a  smooth  piece  of  board  and 
covered  with  one-half  inch  of  sifted  and  sterilized  soil  composed  of 
loam  and  leaf  soil  in  equal  parts.  The  soil,  if  sterilized,  will  prevent 
the  disturbance  of  the  surface  in  removing  weeds.  The  surface 
should  be  pressed  moderately  firm  and  watered  with  a  fine  sprinkler 
only  when  the  soil  appears  to  be  on  the  dry  side.  The  surface  of 
the  bed  can  be  kept  in  excellent  condition  for  successful  germination 
b}^  covering  it  with  an  inch  of  sphagnum  moss,  which  should  be 
sprinkled  occasionally,  and  the  soil  should  be  examined  frequently  to 
ascertain  its  condition. 

The  seeds  require  a  considerable  time  in  the  ground  before  the  first 
leaf  appears  above  the  surface.  Therefore,  to  provide  seedling  plants 
for  a  large  crop  the  seed  beds  will  occupy  a  comparatively  small 
space.  They  will  thus  be  easily  tended,  so  far  as  watering,  shading*, 
and  weeding  are  concerned,  until  the  seedlings  have  attained  suffiei<»nt 
size  to  warrant  pricking  off.  If  bulbs  are  planted  and  seeds  sown 
at  the  same  time,  the  bulbs  naturally  can  be  flowered  quicker  than  the 
seedlings,  but  only  by  a  few  weeks.  Therefore,  the  seeds  should  be 
sown  early — say,  during  the  month  of  June.  When  sown  at  this  period 
the  seedlings  will  attain  a  fair  size  during  warm  weather,  and  will  all 
the  better  be  able  to  withstand  the  lower  temperature  of  the  winter 
months. 

With  regard  to  raising  seedlings  in  the  Middle  and  Northern  States, 
there  is  little  probability  of  success  unless  the  seed  is  sown,  say,  during 
the  month  of  January  indoors  and  the  seedlings  are  transplanted  to 
outdoor  beds  as  soon  as  the  weather  permits.  For  experiments  of  thi^s 
nature  the  seeds  would  necessai'ily  have  to  be  of  the  previous  season's 
crop,  and  in  order  to  have  them  ripen  late,  so  that  as  short  a  time  as 
possible  would  elapse  between  ripening  and  sowing,  the  seed-bearing 
plants  should  be  grown  outdoors. 

PRICKING  OFF  THE  SEEDLINGS. 

The  seedlings  will  bear  pricking  off  as  soon  as  the  seed  leaves  reach 
full  i>ize.  Nothing  is  gained,  however,  by  undertaking  the  operation 
at  this  early  stage.  It  is  more  easily  accomplished  after  the  plantlets 
have  made  two  or  three  leaves.     Thev  should  be  transferred  to  beds 
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siiimilar  in  size  to  those  in  which  the  seeds  were  sown  and  at  a  distance 
of  from  2  to  3  inches  apart.  The  work  of  pricking  off  can  be  very 
rapidly  done,  and  wholly  with  the  fingers  or  without  the  aid  of  a 
dibble-  The  protection  of  shaded  sash  may  be  given  for  the  first  few 
daj's  if  found  necessary.  When  the  plants  ai'e  supplied  with  leaves  of 
such  size  as  to  be*in  danger  of  crowding  each  other  they  should  be 
removed  to  the  field  beds.  It  may  be  stated  that  the  plants,  even  in 
their  younger  stages,  are  not  at  all  impatient  of  removal.  Plate  V, 
fig.  1,  show.s  a  plant  which  was  grown  in  a  5-inch  pot,  the  soil  being 
removed  from  the  roots  to  show  the  size  of  bulb  at  a  certain  date 
from  germinating.  This  bulb  wa,s  repotted  and  came  into  flower 
seemingly  none  the  worse  for  its  experience. 
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DESCKIPTION  OF  PLATES. 

Plate  I.  Frontispiece. — Seedling  lilies  in  bloom.  A. — LUium  longiflorum  X  L.  har- 
rim.  B. — LUium  harrimi  X  L.  longiffornm,  showing  large  flower.  Photo- 
graphed April  16, 1902,  six  months  and  thirteen  days  after  germinating. 

II.  Fig.l. — LUium  longiflorum,  tall-growing  variety  from  Japan,  showing  the 
vertical  position  assumed  by  the  ovaries  after  fertilization.  Fig.  2. — 
LUium  longifloruviy  low-growing  variety  from  Japan,  with  long,  broad 
leaves.  The  capsules  show  the  progress  made  at  a  period  of  three  weeks 
after  pollination.  Fig.  3. — LUium  longifloTum^  tall-growing  variety  from 
Japan,  with  long  and  broad  leaves  along  the  entire  length  of  the  stem. 

III.  Capsules  and  seeds  of  LUium  harrisil  X  L.    longiflorum.    Flowers   polli- 

nated April  3;  seeds  ripe  June  14,  1901. 

IV.  Fig.  1. — LUium  harrimi  X  Ij-  longiflorum  seedlings  in  2-inch  pots.     Seeds 

sown  June  26,  1901,  germinated  October  3,  potted  October  28,  pho- 
tographed November  9,  1901.  Fig.  2. — LUium  harrisii  X  L.  hngijiorum 
seedlings  in  2J-inch  pots  ten  weeks  after  germination. 

V.  Fig.  1. — LUium  harrisii  X  L,  longifiorum^  showing  size  of  bulb  February  Itt, 
1902,  eighteen  weeks  after  germination.  Fig.  2. — Seedling  bulbs  of  L. 
harrieii  X  L.  longiflorum.  The  bulb  to  the  right  measured  6  inches  in 
circumference.  These  bulbs  were  grown  from  the  seed  within  ten 
months. 

VI,  Diseased -Bermuda  lily  bulbs.  A. — Cross  section  through  a  diseased  bulb 
that  began  to  grow  and  then  died.  The  tissue  was  eaten  out  by  the 
bulb  mites.  B. — Cross  section  through  a  bulb  that  failed  to  grow. 
The  bud  was  eaten  out  by  mites. 

VII.  Germina.tion  ot  LUium  longiftornm.  1.  Sprouting  of  the  seed.  2.  An  older 
stage,  where  the  cotyledon  shows  the  bending,  while  the  apex  remains 
closed  in  the  seed  absorbing  the  endospenn.  3.  Still  older.  4.  The 
cotyledon  has  now  unfolded  itself,  rai»^ing  the  attached  seed  high  above 
the  level  of  the  ground.  5.  The  first  leaf  I'  is  developed  while  the 
cotyletlon  is  as  above.  6.  The  seed  has  dropped  and  three  leaves  are 
now  developed;  also  two  secondary  roots.  The  roots  show  wrinklings 
above,  indicating  their  contractile  power  in  drawing  the  bulblet  deeper 
and  deeper  into  the  soil. 
24 
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PREFACE. 


The  protection  of  fresh  fruits,  through  the  agency  of  low  tempera- 
res  in  cold  storage  houses,  against  their  normal  deterioration  and 
y  ha;s  become  in  recent  years  one  of  the  most  important  factors 
ecting  the  prosperity  of  the  commercial  orchardists  of  the  United 
.^.  Practical  experience  has  demonstrated  the  necessity  for  more 
plete  and  accurate  knowledge  regarding  the  possibilities  of  pre- 
rring  fruit  in  wholesome  condition  in  this  way  and  the  underlying 
lineiples  that  govern  the  behavior  of  fruit^s  thus  stored,  as  well  as 
«  effect  of  different  cultural  and  climatic  conditions  upon  the  behavior 
f  stored  fruit. 

The  investigation  of  different  phases  of  this  subject  was  })egun  in 
.summer  of  1901  and  is  still  in  progress.  While  the  completion  of 
"fe*  important  investigations,  which  involve  repeated  experiments 
^th  different  varieties  of  fruit  grown  under  the  varying  climatic  con- 
rations  of  different  parts  of  the  country  and  stored  in  different  ware- 
ouses,  will  of  necessity  extend  over  a  considerable  period  of  time, 
« important  economic  results  thus  far  attained  make  the  pu})lication 
w  this  preliminary  report  upon  the  subject  advisable  at  this  time, 
"i  this  report  certain  general  principles  are  stated  for  the  F>eneHt  of 
fruit  growers,  dealera,  and  storage  men,  and  such  specific  application 
'fetnade  of  these  principles  to  the  peach  and  p(»ar  in  storage  as  experi- 
ence thus  far  has  proved  desirable.  Other  phases  of  the  work  are  in 
iProgress  and  will  be  discussed  in  future  publications. 

Th:s  bulletin  has  been  prepared  by  Mr.  (1.  Harold  Powell,  Assistaot 
Pomologist  in  Charge  of  Field  Investigations,  and  Mr.  S.  H.  Fulton, 
AsMstant  in  Pomology,  as  the  result  of  investigations  made  by  them 
^<ler  the  direction  of  Mr.  William  A.  Ta3'Ior,  Nomologist  in  Charge 
^ti'ield  Investigations.  The  work,  in  so  far  as  these  fruits  are  con- 
j^rned,  has  been  closely  associated  with  the  experimtMital  export  ship- 
ments of  fruits,  which  will  be  reported  upon  in  a  future  bulletin. 

(t.  H.  Hkackktt, 

^  PotnoJogiHt, 

^^nCE  OF   POMOLOGICAL   INVESTIGATIONS, 

Washington^  D.  C,^  March  19^  19ai, 
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ILLUSTRATIONS. 


Plate  I .  Kiberta  peaches  stored  for  two  weekH  i  n  a  t^niperatun*  of  1^6°  F.  ( upper 

figure)  and  32°  F.  (lower  figure) Frontispiet'e. 

II.  Kieffer  pear,   March,  1902.     Fruit  picked   October  21,   1901,  and 

placetl  in  storage  the  following  day  at  a  temperature  of  32°  F 28 

III.  Kieffer  i)ear,  January,   1902.     Fruit  picked  Octol)er  21,  1901,  and 

placed  in  storage  ten  days  later  at  a  temiwrature  of  32°  F 2S 

IV.  WrapiHHi  Kieffer  pears,  removed  from  cold  storage  on  March  3, 1902. 

Fig.  1. — Fruit  in  l)oth  boxes  picked  October  21,  1901,  that  on  the 
right  l)eing  placed  in  storage  on  the  following  day  at  a  temperature 
of  32°  F.,  while  that  on  the  left  was  not  stored  for  ten  days.     Fig.   • 
2. — Fruit  in  ))oth  boxes  j)icked  October  21, 1901,  and  stored  on  the 
following  day,  that  on  the  right  at  a  temperature  of  32°  F.,  and  that 

on  left  at  36°  F '.         28 

V.  Kieffer  pears,  March  3,  1902.     Fruit  picked  October  21,  1901,  and 

stores!  on  the  following  day  at  a  temperature  of  36°  F 28 

VI.  liartlett  pears,  one  week  after  being  placed  in  cold  storage.     The 
upper  figure  shows  the  average  condition  of  the  fruit  in  center  of 

barrel;  the  lower  figure,  that  near  the  outside  of  the  barrel 28 

VII.  Kieffer  pears  removed  from  cold  storage  on  January  20, 1902.  Fruit 
picke<l  October  21 ,  1901,  and  placed  in  storage  on  the  following  day. 
Nearly  50  per  cent  of  the  unwrappe<l  fruit  decayed,  while  that 
wrappe<l  in  parchment  and  news  i)aj)er  kei)t  in  perfe<;t  condition. .         28 
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COLD 


STORAGE,  WITH  SPECLU  REFERENCE  TO  THE 

PEAR  AND  PEACH. 


THE  FUKCnOK  OF  COLD  STORAGE. 

Fruit  is  placed  in  cold  storage  to  retard  the  life  processes  which  as 
Biey  progre$?s  cause  it  to  ripen  and  decay.  The  ripening  goes  forward 
toore  slowly  in  low  temperatures,  hut  still  continues  in  the  lowest  tem- 
beratures  in  which  the  fruit  mav  be  safelv  stored.  Fruit  is  stored  also 
lo  prevent  the  rapid  spread  of  fungous  diseases  which  cause  its  prema- 
ture decay. 

A  fruit  is  a  living  organism,  with  a  life  history  extending  from  its 
tarliest  growth  to  final  decay,  and  the  cold-storage  treatment  is 
designed  to  retard  development  without  injuring  its  usefulness  in 
I  other  re^spects.  The  rapidity  of  ripening  in  the  storage  temperature 
(depends  principally  on  the  habit  of  the  fruit,  the  degree  of  maturity 
Ut  which  it  enters  the  storage  house,  and  the  temperature  and  other 
■conditions  in  which  it  is  stored.  It  is  influenced  also  by  other  factors 
Wuring  its  growth  and  by  the  treatment  it  receives  before  it  reaches 
I  thp  storage  house. 

The  warehouse  is  expected  to  supply  a  uniform  tempei'ature  of  the 
desired  degn^ee  of  cold  through  the  storage  compartments  during  the 
storage  season.  It  is  expected  to  be  managed  in  other  respects  so  that 
»n  unusual  loss  in  the  aroma  and  flavor  of  the  fruit,  in  texture  or  in 
^lor,or  through  decay,  may  not  be  attributed  to  a  poorly  constructed 
or  installed  plant,  or  to  its  negligent  or  improper  management.  If  the 
temperatures  are  maintained  reasonably  uniform  at  the  point  desired 
^y  the  fruit  storer,  if  the  rooms  are  kept  pure  and  sweet  and  laden 
^'ith sufficient  moisture,  and  if  the  fruit  is  handled  properly  within  the 
warehouse,  the  storage  house  fulfills  its  function  in  the  preservation  of 
tniits.  If,  on  the  other  hand,  the  temperatures  fluctuate  unduly  and 
the  fruit  freezes  to  the  point  of  injury,  or  is  made  to  ripen  prematurely, 
Qt  the  rooms  are  not  properly  managed,  or  if  ordinary  care  is  not  exer- 
cised in  other  respects  in  the  management  of  the  house  or  the  handling 
^Uhe  fruit,  the  storage  house  fails  to  fulfill  its  proper  function. 

The  warehouseman  does  not  insure  the  fruit  against  natural  deteriora- 
^oi\.  He  holds  it  in  storage  as  a  trustee,  and  in  that  relation  is  bound 
to  Use  onlj^  that  degree  of  care  in  the  management  of  the  warehouse 
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that  a  man  of  ordinary  prudence  would  exert  under  the  circuiiistances 
in  protecting  the  goods  if  they  were  his  private  property. 

It  is  frequently  assumed  that  the  cold-storage  house  in  some  niys- 
terious  way  levels  the  differences  that  naturally  exist  in  the  fruits  of 
a  given  kind,  causing  all  the  apples  of  a  variety,  for  example,  to  keep 
alike.  No  assumption,  however,  could  be  more  fallacious,  and  it  is 
probable  that"  no  one  aspect  of  the  storage  business  has  led  to  11101x5 
misunderstandings  between  the  men  who  store  fruit  and  the  w'are- 
housemen  than  this  unfortunate  impression.  Cold  storage  can  not 
improve  the  physical  condition  of  fruit,  and  is  in  no  way  respoii.sible 
for  the  deterioi-ation  that  may  arise  from  improper  picking,  gi-ading-, 
packing,  and  handling  before  the  stoi'age  house  is  reached. 

Fruits  of  all  kinds  are  profoundly  modified  by  the  climate,  the  .^-soil, 
the  age  and  health  of  the  trees,  and  the  conditions  to  which  they  Jire 
subjected  during  their  development,  and  these  acquired  differences 
will  manifest  themselves  in  the  storage  rooms  just  as  they  do  in  nor- 
mal storage  ripening,  except  that  the}"  usually  appear  later. 

THE  PUBPOSES  OF  FBTJIT  STOKAQE. 

In  the  consideration  of  any  storage  problem  it  is  important  to  pay 
due  attention  not  only  to  the  influences  which  affect  the  keeping 
quality  of  fruits  and  to  the  function  of  the  cold-storage  plant,  but  also 
to  the  purpose  for  which  the  fruit  is  stored.  The  fruit  dealer  may  not 
always  desire  to  retard  the  development  of  the  fruit  to  the  greatest 
possible  extent.  For  the  Holiday  trade  it  may  be  advisable  to  have 
certain  varieties  of  apples  or  pears  in  condition  for  immediate  con- 
sumption during  the  Christmas  season,  though  the  same  varieties  might 
be  retarded  until  April  if  stored  in  a  lower  temperature.  The 
fruiterer  who  takes  the  fruit  from  the  storage  house  to  the  fruit  stand 
from  day  to  day  may  desire  it  to  ripen  and  color  considerably  before 
it  leaves  the  storage  house.  The  dealer,  on  the  other  hand,  who  stores 
the  same  varieties  in  large  quantities  for  export  trade  or  for  late 
domestic  markets  has  a  different  object  in  view,  and  the  two  distinct 
purposes  w^ould  influence  the  storage  treatment  of  each. 

It  is  equally  important  to  consider  the  requirements  of  the  market  in 
the  storage  of  different  fruits.  The  commercial  use  of  a  particular  fruit 
is  limited  principally  to  the  season  when  people  are  in  the  habit  of 
buying  it,  and  beyond  that  period  the  demand  is  restricted,  unless 
there  is  a  failure  in  the  supply  of  other  fruits  that  normally  fill  the 
market  at  that  time.  It  is  possible  to  hold  many  varieties  of  pears  till 
late  winter  or  eai'ly  spring,  but  the  usual  demand  for  them  at  that  time 
would  not  warrant  their  storage  in  large  quantities,  as  apples  and 
oranges  are  then  at  the  height  of  their  season.  In  fact,  it  is  doubtful 
whether  it  is  iKlvi sable  to  store  pears  of  any  kind  in  large  quantities 
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er  the  middle  of  November.     For  the  name  reason  it  is  usual I3"  not  a 
1  plan  to  hold  apples  in  large  quantitien  later  than  the  Iwt  of  May, 
ben  fresh  vegetables  and  the  new  crop  of  Southern  fruits  begin  to 
ill  the  marketH.     The  general  principles,  therefore,  whieh  govern  the 

Prvatioii  of  fruits  and  their  relation  to  the  markets  can  1h*  under- 
only  when  these  various  fa4*tors  are  considered  together. 

OnPX.TJEH'CS  OF  COIJ>  STORAGE   OK  THE  PEAS  nTDUSTBT. 

Before  the  advent  of  the  cold-storage  business  the  supply  of  sunmier 

Ipc^rs  frequently  exceeded  the  demand.     This  condition  of  the  markets, 

irhich  were  demoralized  in  hot,  humid  seasons,  pertsiined  especially  to 

the  early  varieties,  like  the  Bartlett,  which  ripen  in  hot  weather  and 

need  to  be   sold  in  a  short  time  to  prevent  heavy  losses  from  rapid 

decay.      The  introduction  of  the  refrigerator  car  and  of  the  cold-storage 

prarehouse,  together  with  the  rapid  growth  of  the  canning  industry, 

done   much  to  improve  the  pear  situation  by  artificially  cstablish- 

a  well-regulated  and  more  uniform  suppl}'  of  fruit  throughout  a 

iigt*r  period  of  time.     The  pear  acreage  of  the  country  has  more  than 

doubled  ^vithin  a  decade,  and  is  enlarging  the  relative  importance  of 

eold  storage  to  the  pear-growing  business,  though  a  large  part  of  the 

increase,  especially  in  California,  along  the  Atlantic  coast  from  New 

Jensey   southward,  in  Texas,  and  in  the  CJentral  West,  is  primarily 

related  to  the  canning  industr}-. 

Pear  storage  has  developed  most  largely  in  the  East.  In  New  York 
and  Jensey  City  from  60,000  to  100,000  bushels  of  summer  pears, 
3«),«nM>  to  00,0^)0  bushels  of  later  varieties,  and  many  cars  of  California 
pears  are  stored  annually.  In  Boston,  since  1895  there  have  been 
stored  each  year  from  5,000  to  15,000  bushels  of  early  pears,  principally 
Bartlett,,  and  from  7,CKK)  to  20,000  bushels  of  later  varieties,  such  as 
Anjou,  Bosc,  Angouleme  (2>^^<?^^«),  Seckel,  and  Sheldon.  In  Buffalo 
lo,iKJO  biLshels  are  sometimes  stored  in  a  single  season,  and  in  Phila- 
delphia from  30,000  to  35,000  bushels.  While  there  are  no  accumte 
statistics  available  and  the  quantity  fluctuates  from  year  to  year,  it  is 
probable  that  as  many  as  300,000  bushels  are  stored  in  a  single  3'ear 
throughout  the  country  at  large. 

PRACTICAL  DIFFICT7LTIES  IN'  PEAS  STOKAQE. 

There  are  many  practical  diflUculties  in  pear  storage.  The  early- 
ripening  varieties  which  mature  in  hot  weather,  like  the  Bartlett, 
often  '* slump"  before  they  reach  the  storage  house,  or  are  in  soft 
condition,  especially  if  they  have  been  delayed  in  ordinary  freight 
ears  in  transit.  They  ma}'  afterwards  decay  badly  in  storage,  break 
down  quickly  on  removal,  or  lose  their  delicate  flavor  and  aroma. 
When  stored  in  a  large  package  like  the  barrel,  the  fruit,  especially  of 
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the  early  varieties,  often  softens  in  the  center  of  the  package,  "while 
the  outside  layers  remain  firm  and  green.  Frequentl}'  no  two  ship- 
ments from  the  same  orchard  act  alike,  even  when  stored  in  adjoining 
packages  in  the  same  room,  and  the  warehousenmn  and  the  owner^  not 
always  knowing  the  history  of  the  fruit,  are  at  a  loss  to  understand 
the  difficulty.  It  has  been  the  aim  in  the  fruit-stomge  inve^^tigations 
of  the  Department  of  Agriculture  to  determine  as  far  as  possible  the 
reasons  for  some  of  the  pear-storage  troubles,  and  to  point  out  the 
relation  of  the  results  to  a  more  i-ational  storage  business. 

OUTIiDrE  OF  EXPEBIMENTS  IN  PEAB  STORAQE. 

The  investigations  in  pear  storage  are  of  a  preliminary  nature 
only.  The  experiments  undertaken  have  been  planned  with  a  view  to 
detennining  the  influence  in  the  storage  room  of  various  temperatures, 
of  the  character  of  the  storage  package,  of  a  fruit  wrapper,  of  the 
degree  of  maturity  of  the  fruit  when  picked,  and  of  other  factors  in 
relation  to  the  ripening  processes  in  the  storage  house,  and  also  to 
ascertain  the  behavior  of  the  fruit  and  its  value  to  the  consumer  when 
placed  on  the  market. 

The  Bartlett  and  the  Kieffer  pears  principally  were  used  in  the  experi- 
ments, but  several  other  kinds  have  been  under  limited  observation. 
The  Bartlett  represents  the  delicate-fleshed,  tender  pears,  ripening  in 
hot  weather,  which  are  withdyaw^n  from  storage  before  the  weather 
becomes  cool.  The  Kieffer,  on  the  other  hand,  is  a  coarse,  hard  pear, 
ripening  later  in  the  fall  in  cooler  weather,  and  in  which  the  normal 
ripening  processes  are  slower.  It  is  a  longer  keeper,  and  like  other 
fall  varieties  is  withdrawn  in  cool  weather. 

The  Bartlett  experiments  extended  through  the  season  of  1902. 
The  fruit  was  grown  by  Mr.  F.  L.  Bradley,  Barker,  >!.  Y.,  in  a  twelv^e- 
year-old  orchard  on  a  sandy  loam,  with  a  cla}'  subsoil.  The  orchard 
is  a  half  mile  from  Lake  Ontario  and  is  50  feet  above  the  level  of  the 
lake.  The  fruit,  which  was  full  grown,  but  green,  was  picked  esLvly  in 
September,  and  was  packed  in  tight  and  ventilated  barrels,  in  4:0-pound 
closed  boxes,  and  in  slat  bushel  crates.  Part  of  the  fruit  in  each  lot 
was  wi'apped  in  unprinted  news  paper,  and  an  e(|ual  amount  wa«  left 
unwrapped.  Part  was  forwarded  at  once  by  trolley  line  to  the  ware- 
house of  the  Buffalo  Cold  Storage  Company  at  Buffalo,  N.  Y.,  and  a 
similar  quantity  was  held  four  days  before  being  stored.  The  fruit 
reax'hed  the  storage  house  within  ten  hours  after  leaving  the  orchard. 

The  Kieffer  experiments  have  extended  over  two  years.  In  1901 
the  fruit  was  grown  by  Mr.  M.  B.  Waite,  Woodwardsville,  Md.,  in  a 
Norfolk  sandy  soil,  on  rapidly  growing  five-j^ear-old  trees,  from  which 
the  fruit  was  large,  coarse,  and  of  poor  quality.  It  was  stored  in  the  cold- 
storage*  department  of  the  Center  Market  at  Washington,  I).  C.     In 
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i^Ki  the  fruit  with  which  the  exjjeriments  were  made  wa.s  ^rown  by 
Mr.  S.  H.  Derliy,  Woodside,  Del.,  on  heavy-hearing  ten-year-old 
trees  on  sandv  soil  with  a  clav  sulwoil.  The  fruit  was  sniafller,  of  finer 
textur*\  and  of  somewhat  better  quality  than  that  used  the  previous 
year.  It  was  stored  in  the  cold-storage  department  of  the  Reading 
Terminal  Market  in  Philadelphia,  Pa. 

The  Kieffei-s  were  picked  at  three  degrees  of  maturity:  First,  when 
two-thirds  grown,  or  before  the  fruit  is  usually  picked;  second,  ten 
days  later,  or  about  the  time  that  Kieffers  are  commonly  picked,  and 
third,  ten  davs  later,  when  the  fruit  was  fully  grown  and  still  green, 
but  showing  a  yellowish  tinge  around  the  calyx.  In  each  picking, 
part  of  the  fruit  was  shipped  to  storage  and  was  placed  in  rooms  with 
a  teini>eratui-e  of  30  ^  and  32"^  F.  within  forty -eight  hours.  E(|ual  quan- 
titie»«  stored  in  each  temperature  were  wrapped  in  |)ar<*hmont  paper,  in 
unprinted  news  paper,  and  were  left  unwrapped.  A  duplicate  lot  of 
fruit  remained  in  a  coimnon  storage  house  ten  days  in  open  lioxes, 
when  it  was  packed  in  a  similar  manner  and  sent  to  storage.  This  fruit 
colored  considerably  during  the  interval,  but  was  still  hard  and  appar- 
ently in  good  physical  condition  on  entering  the  storage  house.  The 
pears  were  stored  in  40-pound  closed  boxes  and  in  five-eighths  bushel 
pjeaoh  baskets.  One  hundred  and  fifty  bushels  were  used  in  the 
experiments. 

THE    INFLUENCE   OF  THE   DEGREE   OF   MATURITY  ON  KEEPIX(}   gUALITY. 

The  experiments  with  the  Kieffer  pear  show  that  under  conditions 
s^imilar  to  those  in  Delaware  and  eastern  Mar^'land  this  variety  may 
safely  be  picked  from  the  same  orchard  during  a  period  of  at  least 
three  weeks,  or  when  from  two-thirds  grown  to  full  size,  and  that  the 
fruit  in  all  cases  may  be  stored  successfully  until  the  Holidays,  or 
much  longer  if  there  is  still  a  demand  for  it.     It  is  absolutely  essential 
that  the  fruit  be  handled  with  the  greatest  care,  that  it.  be  sent  at  once 
to  storage  after  picking,  that  it  be  packed  carefully  to  prevent  bruis- 
ing (preferably  in  small' packages,  like  a  bushel  box),  and  that  it  be 
stored  in  a  temperature  not  above  32^  F.  if  it  is  desired  to  hold  it  for 
any  length  of  time.     If  stored  by  the  middle  of  October,  the  fruit, 
by  the  latter  part  of  December,  will  take  on  a  rich,  yellow  color  when 
kept  in  a  temperature  of  32°  F.,  and  earlier  if  a  higher  temperature 
is  used.     The  fruit  may  be  withdrawn  during  the  Holidays,  and  will 
stand  up,  i.  e.,  continue  in  good  condition,  for  ten  days  or  longer  if  the 
weather  is  cool,  and  will  retain  its  normal  quality  if  the  rooms  have 
been  properly  managed.     While  the  later  picked  fully  grown  pears 
keep  well,  they  are  already  inferior  in  (piality  at  the  picking  time,  as 
the  flesh  around  the  center  is  filled  with  wood}'  cells,  making  it  of  less 
value  either  for  eating  in  a  fresh  state  or  for  culinary  purposes.     These 
coarse  cells  in  the  Kieffer  and  some  other  late  varieties  do  not  develop 
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in  the  early-picked  fruit  to  so  large  an  extent.  Pears  of  all  kind** 
to  be  picked  before  they  reach  maturity  and  to  be  ripened  in  a  cool  tem 
perature  if  the  best  texture  and  flavor  are  to  be  developed.  It  is  a  mat 
ter  of  practical  judgment  to  determine  the  proper  picking  sea8on,  bir 
for  cold  storage  or  other  purposes  the  stem  should  at  least  cleave  easily 
from  the  tree  before  the  fruit  is  ready  to  pick.  Many  trees  bear  fruit 
differing  widely  in  the  degree  of  maturity  at  the  same  time,  and  ii 
such  cases  uniformity  in  the  crop  can  be  attained  only  when  the  orcharci 
is  picked  several  times,  the  properly  mature  specimens  being  selected 
in  each  successive  picking.  This  practice  not  only  secures  more  uni- 
formity in  ripeness,  but  the  fruit  is  more  even  and  the  average  size  is 
larger  than  when  all  the  pears  are  picked  at  the  same  time. 

THE    INFLUENCE   OF   DELAYED   STORAGE   ON   KEEPING   QUALITY. 

Pears  ripen  much  more  rapidly  after  they  are  picked  than  they  do 
in  a  similar  temperature  while  hanging  on  the  tree.     The  rapidity  of 
ripening  varies  with  the  character  of  the  variety,  the  maturity  of  the 
fruit  when  picked,  the  temperature  in  which  it  is  placed,  and  the  con- 
ditions under  which  it  has  been  grown.     If  the  fruit  is  left  in    the 
orchard  in  warm  weather  in  piles  or  in  packages,  if  it  is  delayed  in 
hot  cars  or  on  a  railroad  siding  in  transit,  or  if  it  is  put  in  pai^kages 
which  retain  the  heat  for  a  long  time,  it  continues  to  ripen  and  is 
considerably  nearer  the  end  of  its  life  history  when  it  reaches   the 
storage  house  than  would  otherwise  be  the  cjuse.     The  influence  of 
delay  in   reaching  the  storage  house  will  therefore  vary  with   the 
season,  with  the  variety,  and  with  the  conditions  surrounding   the 
fruit  at  this  time.     A  delay  of  a  few  days  with  the  quick-ripening 
Bartlett  in  sultry  August  weather  might  cause  the  fruit  to  soften  or 
even  decay  before  it  reached  the  storage    house,  though  a  similar 
delay  in  clear,  cooler  weather  would  be  less  hurtful.     A  dela^^  of  a 
like  period  in  storing  the  slower-ripening  Kieffer  would  be  less  in- 
jurious in  cool  October  weather,  though  the  Kieffer  pear,  especially 
from  young  trees,  cjin  sometimes  be  iniined  commercially  by  not  stor- 
ing it  at  once  after  picking. 

From  the  experiment's  with  the  Bartlett  and  the  Kieffer  pears,  from 
which  those  general  introductory  remarks  are  deduced,  it  was  foiind 
that  the  Bartlett,  if  properly  packed,  kept  in  prime  condition  in  cold 
storage  for  six  weeks,  provided  it  was  stored  within  forty -eight  hours 
after  picking  in  a  temperature  of  32^  F. ;  but  that  if  the  fruit  did  not 
reach  the  storage  room  until  four  days  after  it  was  picked  there  was  a 
loss  of  20  to  30  per  cent  from  softening  and  decay  under  exactly  simi- 
lar storage  conditions. 

The  Kieffers  stored  within  forty-eight  hours  in  a  temperature  of 
32°  F.  have  kept  in  perfect  condition  until  late  winter,  although  there 
is  little  commercial  demand  for  them  after  the  Holidays.     The  fruit 
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gTDwn  by  Mr.  Waite  on  young  trees  in  1901,  which  was  still  hard  and 
^reenish-yollow  when  .stored  ten  days  after  picking,  began  to  discolor 
iml  soften  at  the  <H>re  in  a  few  days  after  entering  the  storage  room, 
though  the  outside  of  the  pt^ars  appeared  perfectly  normal.  After 
forty  to  fiftv  days  the  flesh  was  nearly  all  discolored  and  softened, 
ind  the  skin  had  turned  brown.  The  fruit  from  the  older  trees  on 
the  Derb}-  farm  in  1D02,  which  was  smaller  and  finer  in  texture, 
appeared  to  ripen  as  much  as  the  Waite  pears  during  the  ten  days' 
delay.  This  fruit,  however,  did  not  discolor  at  the  core  and  decay 
from  the*  inside  outward,  but  continued  to  ripen  and  soften  in  the 
storage  house  and  was  injured  at  least  50  per  cent  in  its  commercial 
value  by  the  delay.  Plate  II  shows  the  condition  of  the  Kieffer  pears 
stored  in  a  temperature  of  32'^  F.  as  soon  as  picked  and  withdrawn  in 
Maivh.  Plate  III  shows  the  condition  of  fruit  picked  at  the  same  time 
and  stored  in  the  same  temperature  ten  days  after  picking,  when  with- 
drawn in  January.     (See  also  PL  IV,  fig.  1.) 

The  results  of  the  experiments  point  out  clearly  the  injury  that  may 
occur  by  delaying  the  storage  of  the  fruit  after  it  is  picked,  and  empha- 
size the  importance  of  a  quick  transfer  from  the  orchard  to  the  storage 
house.  If  cars  are  not  available  for  transportation  and  the  fruit  can 
not  bo  kept  in  a  cool  place,  it  is  safer  on  the  trees  so  far  as  its  ulti- 
mate keeping  is  concerned.  It  is  advisable  to  forward  to  stoi'age 
the  delicate  quick-ripening  varieties,  like  the  Bartlett,  in  refrigerator 
cars.  The  common  closed  freight  car  in  warm  weather  soon  becomes 
a  sweat  \x)x  and  ripens  the  fruit  with  unusual  rapidity.  The  results 
show  clearly  that  the  storage  house  may  l>e  responsible  in  no  way  for 
the  entire  deterioi*ation  or  even  for  a  large  part  of  the  deterioration 
that  may  take  place  while  the  fruit  is  in  storage,  and  that  the  different 
hehavior  of  two  lots  from  the  same  orchard  mav  often  be  due  to  the 
conditions  that  exist  during  the  period  that  elapsed  between  the  time 
of  picking  and  of  storage. 

THK  INFLUENCE   OF   DIFFERENT   TEMPERATURES  OX    KEEPINCJ    Ql'AI.ITY. 

There  is  no  uniformity  in  practice  in  the  temperatures  in  which 
pwrs  are  stored.  Formerly  a  temperature  of  36^  to  40^  F.  was  con- 
f^idered  most  desirable,  as  a  lower  temperature  was  supposed  to  dis- 
color the  flesh  and  to  injure  the  quality  of  the  fruit.  The  pears  were 
alno  believed  to  deteriorate  much  more  rapidly  when  removed  to  a 
warmer  air.  In  recent  years  a  number  of  storage  houses  have  carried 
the  fruit  at  the  standard  apple  temperatures,  i.  e.,  from  30^  to  32^  F. 
^Arge  quantities  of  Bartlett,  Angouleme,  and  Kieffer  pears  have  l)een 
stored  in  3^^  and  3H  F.  in  the  experiments  of  the  Department.  The 
fruit  of  all  varieties  has  kept  longer  in  the  lower  temperature  and  the 
flesh  lias  retained  its  commercial  qualities  longer  after  remov^al  from 
^e  storage  house.     Bartlett  pears  w- ere  in  prime  commercial  condition 
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four  to  five  weeks  longer,  Angouleine  two  months  longer,  and 
three  months  longer  in  a  temperature  of  32^  F.     Plates  11  and  V  she 
the  condition  of  Kieffer  pears  in  March,  1902,  in  32^  and  S6^  F-,  t 
two  lots  having  received  similar  treatment  in  all  respects  exoept    i 
stomgc  temperatures.     (See  also  PI.  IV,  fig.  2.) 

In  the  higher  temperature  the  fruit  ripens  more  rapidly,  ^whi< 
may  be  an  advantage  when  it  is  desirable  to  color  the  fruit  before 
leaves  storage;  but  the  fruit  in  that  condition  is  nearer  the  end  of   i 
life  history  and  breaks  down  more  quickly  on  removal  to  a    ^wan 
atmosphere. 

There  is  a  much  wider  variation  in  the  behavior  of  pears  that  Iislv 
been  delayed  in  storage  or  that  are  overripe  when  they  enter  the  t^tai 
age  room  at  32^  and  36'^  F.  than  in  pears  stored  at  once  in  these  tern 
peratures.  In  the  higher  temperature  the  fruit  that  has  been  improp 
erly  handled  ripens  and  deteriorates  more  quickly.  The  lowe 
temperature  not  only  keeps  the  fruit  longer  when  it  is  stored  at  once 
but  it  is  even  more  essential  in  preventing  rapid  deterioration  in  f  mi 
that  has  been  improperl}^  handled. 

THE   INfXUENCE   OF   THE   TYPE   OF   PACKAGE   ON   KEEPING   QUALITY. 

Pears  are  commercially  stored  in  closed  barrels,  in  ventilated  barrels^ 
in  tight  boxes  holding  a  bushel  or  less,  and  in  various  kinds  of  venti- 
lated crates.     The  character  of  the  package  exerts  an  important  influ- 
ence on  the  ripening  of  the  fruit  and  on  its  behavior  in  other  respects, 
both  before  it  enters  the  stomge  house  and  after  it  is  stored,  though 
this  fact  is  not  generally  recognized  bj'  fruit  handlers  or  by  ware- 
housemen.    The  influence  of  the  package  on  the  ripening  processes 
appears  to  be  related  primarily  to  the  ease  with  which  the  heat  is  ra- 
diated from  its  contents.     The  greater  the  bulk  of  fruit  within  a 
package  and  the  more  the  air  of  the  storage  room  is  excluded  from  it 
the  longer  the  heat  is  retained.     Quick-ripening  fruits,  like  the  Bart- 
lett  pear,  that  enter  the  storage  room  in  a  hot  condition  in  large, 
closed  packages,  may  continue  to  ripen  considerably  before  the  fruit 
cools  down,  and  the  ripening  will  be  most  pronounced  in  the  center  of 
the  package,  where  the  heat  is  retained  longest.     The  influence  of  the 
package,  therefore,  will  be  most  marked  in  the  hottest  weather  and 
on  fruits  that  ripen  most  quickly. 

In  the  experiments  of  the  Department  of  Agricultiu*e  the  Bartlett 
pears  were  stored  in  tight  and  in  ventilated  barrels,  in  closed  40-pound 
boxes,  and  in  slat  bushel  crates.  After  three  weeks  in  the  storage 
house  the  fruit  that  wa^  stored  in  barrels  soon  after  picking  in  a  tem- 
perature of  32  F.  was  yellow  in  the  center  of  the  package,  while  the 
outside  layers  were  firm  and  green.  Plate  VI  shows  the  average  condi- 
tion of  the  fruit  in  these  two  positions  one  week  after  storing.     After 
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five  weeks  in  storage  the  fruit  in  the  center  of  the  barrel  was  soft  and 
of  no  commercial  value,  while  the  outside  layers  were  still  in  good 
oondition.  The  difference  was  still  greater  in  a  temperature  of  86^  F., 
and  nvas  more  marked  in  both  temperatures  in  fruit  that  was  delayed 
in  reaching  the  storage  house. 

In  both  the  closed  40-pound  boxes  and  the  slat  crates  the  fruit  was 
even  greener  in  average  condition  than  the  outside  layers  in  the  bar- 
rels, and  it  was  uniformly  firm  throughout  the  entire  pai'.kage. 

There  was  apparently  no  difference  between  the  fruit  in  the  com- 
mercial ventilated  pear  barrel  and  the  common  t:ght  pear  barrel. 

With  the  Kieffer,  which  enters  the  storage  room  in  a  cooler  condi- 
tion and  which  ripens  more  slowly,  a  comparison  has  been  made 
(in  11H)2)  between  the  closed  40-pound  box  and  the  barrel,  and  while 
the  difference  has  been  less  marked  the  fruit  has  kept  distinctly  bet- 
ter in  the  smaller  package.  The  fruit  in  barrels  was  the  property 
of  Mr.  M.  B.  Waite,  and  was  under  observation  by  the  Department 
thri  ugh  his  courtesy. 

There  is  a  wide  difference  of  opinion  concerning  the  value  of  venti- 
lated in  comparison  with  tight  packages  for  storage  purposes.  No 
dogmatic  statements  can  be  made  that  will  not  be  subject  to  many 
exceptions.  The  chief  advantage  of  a  ventilated  package  for  storage 
appears  to  lie  in  the  greater  rapidity  with  which  the  fruit  cools,  and 
the  quickness  with  which  this  result  is  attiiined  depends  on  the  tem- 
perature of  the  fruit,  its  bulk,  the  temperature  of  the  room,  and  the 
openness  of  the  package.  The  open-slat  bushel  crate,  often  used  for 
storing  Bartlett  pears,  with  which  rapid  cooling  is  of  fundamental 
•iportance,  may  be  of  much  less  value  in  storing  later  fruits  that 
ai"*  cooler  and  which  ripen  more  slowly,  and  it  may  be  of  even  less 
importance  to  Bartletts  in  cool  seasons. 

The  ordinary  ventilated  pear  barrel  does  not  appear  to  have  suflS- 
cient  ventilation  to  cool  the  large  bulk  of  fruit  quickl3^ 

The  open  package  has  several  disadvantages.  If  the  fruit  is  to 
remain  in  storage  for  any  length  of  time  its  exposure  to  the  air  will 
be  followed  by  wilting,  which,  in  fruits  held  until  late  winter  or 
spring,  may  cause  serious  commercial  injury.  The  ventilated  pack- 
age, especially  if  made  of  slats,  needs  to  be  handled  with  the  utmost 
care  to  prevent  the  discoloration  of  the  fruit  due  to  bruising  where  it 
conies  in  contact  with  the  edges  of  the  slats. 

There  was  little  difference  in  the  behavior  of  tlie  Bartletts  in  the 
do  ed  40-pound  boxes  and  the  slat  crates  at  the  end  of  five  weeks,  and 
it  would  appear  that  a  package  of  this  size,  even  though  closed,  radi- 
ates the  heat  with  sufficient  rapidity  to  quickly  check  the  ripening. 
Therefore  the  grower  who  uses  the  40-pound  or  the  bushel  j^ear  box 
for  commercial  purposes  can  store  the  fruit  safely  in  this  package,  but 
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if  the  barrel  is  used  as  the  selling  package,  and  the  weather  is  hot.  it 
is  a  better  plan  to  store  the  fruit  in  smaller  packages,  from  which  it 
may  be  repacked  in  barrels  at  the  end  of  the  storage  season.  While 
this  practice  is  followed  in  several  storage  houses,  it  is  not  to  be 
encouraged,  as  the  rehandling  of  the  fruit  is  a  disadvantage.  Rather 
the  use  of  the  pear  box  should  be  encouraged  as  a  more  desirable  pack- 
age, both  for  storage  and  for  commercial  purposes. 

The  fruit-package  question,  as  it  relates  to  the  storage  house,  may 
be  summed  up  by  stating  that  fruits  like  the  Bartlett  pear  and  othere 
that  ripen  quickly  and  in  hot  weather  may  be  expected  to  give  best 
results  when  stored  in  small  packages.  If  the  storage  season  does  not 
extend  beyond  early  winter,  an  open  package  may  he  of  additional 
value,  though  not  necessary  if  the  package  is  small.  But  fruits  like 
the  winter  apples  and  late  pears,  which  ripen  in  the  fall  in  cool 
weather  and  remain  in  storage  for  a  long  period,  should  be  stored  in 
closed  packages  to  prevent  wilting.  In  such  cases  the  disadvantages 
of  a  large  package,  like  a  barrel,  are  not  likely  to  be  serioas. 

THE   INFLUENCE   OF   A   WRAPPEB  ON   KEEPING    QUALITY. 

The  life  of  a  f  niit  in  cold  stoi'age  is  prolonged  by  the  use  of  a  frnit 
wrapper,  and  the  advantage  of  the  wrapper  is  more  marked  as  the 
season  progresses.  In  Plate  VII  is  shown  the  average  quantity  of 
Kieflfer  pears  in  unprinted  news  paper  and  in  parchment  wrappers  in 
comparison  with  the  quantity  of  commercial  unwrapped  pears  in  boies 
in  January.  Nearly  50  per  cent  of  the  unwrapped  fruit  had  decayed  at 
that  time.  Early  in  the  season  the  influence  of  the  wrapper  is  not  so 
important,  but  if  the  fruit  is  to  be  stored  until  late  spring  the  wrapper 
keeps  the  fruit  firmer  and  brighter.  It  prevent^s  the  spread  of  fungus 
spores  from  one  fruit  to  another  and  thereby  reduces  the  amount  of 
decay.  It  checks  the  accumulation  of  mold  on  the  stem  and  calyx  in 
long-term  storage  fruits,  and  in  light-colored  fruits  it  prevents  bruis- 
ing and  the  discoloration  that  usually  follows. 

Careful  comparisons  have  been  made  of  the  efficiency  of  tissue, 
parchment,  unprinted  news  paper,  and  waxed  papers,  and  but  little 
practical  difference  has  been  observed,  except  that  a  large  amount  of 
mold  has  developed  on  the  parchment  wi'appers  in  a  temperature  of 
36'^  F.  A  double  wrapper  has  proved  more  efficient  for  long  keeping 
than  a  single  one,  and  a  satisfactory  combination  consists  of  an  absorln 
ent,  unprinted  news  jmper  next  to  the  fruit,  with  a  more  imperviou>' 
paraffin  wrapper  outside. 

The  chief  advantage  of  the  wi'apper  for  the  Bartlett  pear,  which  i* 
usually  stored  for  a  short  time  only,  lies  in  the  mechanical  protection 
to  the  fruit  rather  than  in  its  efficiency  in  prolonging  its  season.  Its 
use  for  this  purpose  is  advisable  if  the  fruit  is  of  superior  grade  and 
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designed  for  a  tirst-class  trade.  For  the  late  varietie^s  the  wrapper 
pr^ent8  the  same  advantages,  and  has  an  additional  value  in  increas- 
ing the  commercial  life  of  the  fruit.  It  i.s  especially  efficient,  if  the 
package  is  not  tight,  in  lessening  the  wilting. 

THE    INFLUENCE    OF    COLD    STORAGE    ON    THE     FLAVOR   AND  AROMA   OP 

THE   FRUIT. 

There  is  a  general  impression  that  cold  storage  injures  the  delicate 
aroma  and  characteristic  flavors  of  fruits.  In  this  publication  the 
most  general  statements  only  can  be  made  concerning  it,  as  the  subject 
is  of  a  most  complicated  nature,  not  well  understood,  and  involving  a 
consideration  of  the  biological  and  chemical  processes  within  the  fruit 
and  of  their  relation  to  the  changes  in  or  to  the  development  of  the 
aromatic  oils,  ethers,  acids,  or  other  products  which  give  the  fniit  its 
iodividualitv  of  flavor. 

it  is  not  true  that  all  cold-storage  fruits  are  poor  in  quality.  On  the 
wntrary,  if  the  stoi-age  house  ls  properly  managed  the  most  delicate 
aroftias  and  flavors  of  many  fruits  are  developed  and  retained  for  a 
kng  time.  The  qualitj^  of  the  late  fall  and  winter  apples  ripened  in 
the  cold-storage  house  is  equal  to  that  of  the  same  varieties  ripened 
out  of  storage,  and  the  late  pears  usually  surpass  in  quality  the  same 
varieties  ripened  in  common  storage. 

The  summer  fruits,  like  the  peach,  the  Bartlett  pear,  and  the  early 
j«pples,  lase  their  quality  very  easil}^  and  in  an  improperl}'  managed 
storage  house  may  have  their  flavors  wholly  destroyed.  Even  in  a 
Toom  in  which  the  air  is  kept  pure  the  flavor  of  the  peach  seems  to 
be  lost  after  two  weeks  or  more,  while  the  fruit  is  still  firm,  much  as 
the  violet  and  some  other  flowers  exhale  most  of  their  aromati(^  proper- 
ties l)efore  the  flowers  begin  to  wilt.  . 

It  is  probable  that  much  of  the  loss  in  qualit}^  may  be  attributed  to 
ovennaturity,  brought  about  by  holding  the  fruit  in  storage  beyond 
it«  maximum  time;  but  it  should  be  remembered  that  the  same  change 
takes  place  in  fruits  that  are  not  ripened  in  cold  storage,  the  aroma 
and  fine  flavor  often  disappearing  before  the  fruit  begins  to  deteriorate 
materially  in  texture  or  appearance. 

On  the  other  hand,  it  is  certain  that  the  quality  of  stored  fruits  may 
"e  injuriously  affected  by  improper  handling  or  by  the  faulty  manage- 
n^ent  of  the  storage  rooms.  Respiration  goes  on  rapidly  when  the 
iniit  is  warm.  If  placed  in  an  improperly  ventilated  storage  room, 
^n  which  odors  are  arising  from  other  products  stored  in  the  same 
^mpartment  or  in  the  same  cycle  of  refrigeration,  the  warm  fruit 
^^y  absorb  these  gases  and  become  tainted  by  them,  while  the  same 
iruit,  if  cool  when  it  enters  the  storage  room,  will  breathe  much  less 
'^tively,  and  there  will  be  less  danger  of  injury  to  the  quality,  even 
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though  the  air  is  not  perfectly  sweet.  The  atmosphere  of  the  room&. 
in  which  citrus  fruits  or  vegetables  of  various  kinds — such  as  cabbage-, 
onions,  and  celery — are  stored,  is  often  charged  with  the  odors  arising 
from  these  products,  if  the  ventilation  is  not  thorough.  In  small 
houses,  in  which  a  single  room  can  not  be  used  for  each  products 
fruits  are  often  stored  together  during  the  summer  months,  and  m.t 
this  period  the  storage  air  is  in  greater  danger  of  vitiation,  since  it 
is  more  difficult  to  provide  proper  ventilation. 

The  summer  fruits,  therefore,  being  generally  hot  when  placed  in 
the  storage  room,  are  in  condition  to  absorb  the  odors  which  are  likel>^ 
to  affect  the  rooms  during  the  warm  season,  and  as  the  biological  an<] 
chemical  processes  are  normall}'  more  active  in  the  case  of  such  fruit 
than  in  fruits  maturing  later,  the  flavors  deteriorate  more  quickly^ 
even  in  well-ventilated  rooms.  The  fruits  that  are  picked  in  cool 
weather  and  enter  the  storage  rooms  in  a  cooler  and  less  active  condi- 
tion are  not  in  the  same  danger  of  contamination. 

From  the  practical  standpoint  it  may  be  pointed  out  that  summer 
fruits  should  be  stored  in  rooms  in  which  the  air  is  sweet  and  pure. 
The\'  should  not  be  stored  wnth  products  which  exhale  strong  aromas, 
and  the  danger  of  contamination  is  lessened  if  the  fruit  can  be  cooled 
down  in  a  pure  room  before  it  is  placed  with  other  products  in  the 
permanent  compartment  provided  for  it.  For  the  same  reason  the 
winter  fruits  should  be  stored  in  rooms  in  which  the  air  is  kept  pure, 
and  preferably  in  compartments  assigned  to  a  single  fruit. 

The  experiments  furnish  no  evidence  that  the  quality  deteriorates 
more  rapidly  as  the  temperature  is  lowered.  On  the  contrary,  all  of 
the  experience  so  far  indicates  that  the  delicate  flavors  of  the  pear, 
apple,  and  peach  are  retained  longer  in  a  temperature  that  approacheii: 
the  freezing  point  than  in  any  higher  temperature. 

THE   BEHAVIOR  OF   THE    FKUIT   WHEN    REMOVED   FROM   STORAGE. 

There  is  a  general  impression  that  cold-stomge  fruit  deteriorates 
quickly  after  removal  from  the  warehouse.  This  opinion  is  based  on 
the  experience  of  the  fruit  handler  and  the  consumer,  and  in  many 
cases  is  well  founded,  but  this  rule  is  not  applicable  to  all  fruits  in 
all  seasons.  The  rapidity  of  deterioi^ation  depends  principally  on  the 
nature  of  the  fruit,  on  its  degree  of  maturity  when  it  leaves  the 
warehouse,  and  on  the  temperature  into  which  it  is  taken.  A  Bartlett 
pear,  which  normally  ripens  quickly,  will  ripen  and  break  down  in  a 
few  days  after  removal.  If  ripe  or  overmature  when  removed,  it  will 
decay  much  more  quickly,  and  in  either  condition  its  deterioration 
will  be  hastened  if  the  weather  is  unusuallv  hot  and  humid.  In  the 
practical  management  of  this  variety  it  is  fundamentally  important 
that  it  be  taken  from  storage  while  it  is  still  firm  and  that  it  be  kept 
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88  cool  as  possible  after  withdrawal.  It  is  proliably  true  that  all 
fruits  from  storage  that  are  handled  in  hot  weather  will  deteriorate 
quickly,  but  it  appears  to  be  equally  true  that  similar  fruits  that  have 
not  been  in  storage  bre^  down  with  nearly  the  same  rapidity  if  they 
are  equally  ripe.  The  late  pears,  which  ripen  more  slowly,  if  with 
drawn  in  cool  weather  will  remain  finn  for  weeks  when  held  in  u  cool 
room  after  withdmwal.  If  overripe  they  ]>reak  down  much  sooner, 
and  a  hot  room  hastens  decay  in  either  case.  The  same  principles 
hold  equally  true  with  apples.  The  winter  varieties,  if  firm,  may  l>e 
taken  to  a  cool  room  and  will  remain  in  good  condition  for  weeks  or 
months  and  retain  their  most  delii^te  qualities,  but  in  the  spring, 
wheii  the  fruit  is  more  mature  and  the  weather  warmer,  thev  naturallv 
break  down  more  i-apidly. 

In  commercial  practice  fruits  of  all  kinds  are  often  left  in  the  stor- 
age house  until  they  are  overripe.  The  dealer  holds  the  fruit  for  a 
rise  in  price,  and  I'emoves  it,  not  because  the  price  is  more  satisfac- 
tory, but  because  a  longer  stoitige  would  result  in  serious  deterioration. 
If  considerable  of  the  fruit  is  deca^'ed  when  withdrawn,  the  oviden<»e 
is  conclusive  that  it  has  been  stored  too  long.  Fruit  in  this  condition 
normallv  decavs  in  a  short  time,  but  the  root  of  the  trouble  lies  not  in 
the  storage  treatment,  but  rather  in  not  having  offered  it  for  sale 
while  it  was  still  firm.  In  the  purchase  of  cold-storage  fruit,  if  the 
consumer  will  exercise  good  judgment  in  the  selection  of  sound  stock 
that  is  neither  fully  mature  nor  overripe,  he  will  have  little  cause  to 
complain  of  its  rapid  deterioration. 

SUMMARY. 

A  cold-8tx)rage  warehouse  is  expected  to  furnish  a  uniform  temper- 
ature in  all  parts  of  the  storage  compartments  throughout  the  season, 
and  to  be  managed  in  other  respects  so  that  an  unusual  loss  in  the 
quality,  color,  or  texture  of  the  fruit  may  not  reasonably  be  attributed 
to  improper  handling  or  neglect. 

An  unusual  loss  in  storage  fruit  may  be  caused  by  improper  matur- 
ity, by  delaying  the  stomge  after  picking,  by  storing  in  an  improper 
temperature,  or  by  the  use  of  an  unsuitable  package.  The  keeping 
quality  is  influenced  by  the  various  conditions  in  which  the  fruit  is 
grown. 

Pears  should  be  picked  before  they  are  mature,  either  for  storage 
or  for  other  purposes.  The  fruit  should  attain  nearly  full  size,  and 
tlie  stem  should  cleave  easily  from  the  tree  when  picked. 

The  fruit  should  be  stored  at  the  earliest  possible  time  after  jjicking. 
A.  delay  in  storage  may  cause  the  fruit  to  ripen  or  to  decay  in  the 
^rage  house.  The  effect  of  the  delay  is  most  serious  in  hot  weather 
^^with  varieties  that  ripen  quickly.     (See  Pis.  II,  III,  and  IV,  tig.  1.) 
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The  fruit  nhould  be  stored  in  a  temperature  of  about  32^  F.,  unless 
the  dealer  de.sires  to  ripen  the  fruit  slowly  in  storajj^e,  when  a  temper- 
ature of  36^  or  40^  F.,  or  even  higher,  may  bo  advisable.  The  fruit 
keeps  longest  and  retains  its  color  and  flavor,  better  in  the  low  tein- 
perature.  It  also  stands  up  longer  when  removed.  (See  Pis.  II,  IV, 
fig.  2,  and  V.) 

The  fruit  should  be  stored  in  a  package  from  which  the  heat  will  l>e 
quickly  radiated.     This  is  especially  necessary"  in  hot  weather  and  ^'^ith 
quick- ripening  varieties  like  the  Bailie tt  pear.     For  the  late  pears  that 
are  harvested  and  stored  in  cool  weather  it  is  not  so  important.     Bart- 
letts  may  ripen  in  the  center  of  a  barrel  before  the  fruit  is  cooled  down. 
A  box  holding  not  more  than  50  pounds  is  a  desiiuble  storage  pai*kag-e, 
and  it  is  not  necessary  to  have  it  ventilated.     The  chief  value  of   a 
ventilated  package  lies  in  the  rapidity  with  which  the  contents  are 
cooled,  but  long  exposure  to  the  air  of  the  storage  room  causes  the 
fruit  to  wilt.     (See  PI.  VI.) 

Ventilation  is  essential  for  large  packages,  especially  if  the  fruit  is 
hot  when  stored  and  ripens  quickly. 

A  wrapper  prolongs  the  life  of  the  fruit.  It  protects  it  from  bruis- 
ing, lessens  the  wilting  and  decay,  and  keeps  it  bright  in  color.  A. 
double  wrapper  is  more  efficient  than  a  single  one,  and  a  good  combi- 
nation consists  of  absorptive  unprinted  news  paper  next  to  the  fruit, 
with  a  more  impervious  jmraffin  wrapper  outside.     (See  PI.  VII,) 

The  quality  of  a  pear  normally  deteriorates  as  it  passes  maturity', 
whether  the  fruit  is  in  storage  or  not,  or  it  is  never  fully  developed  if 
the  fruit  is  ripened  on  the  tree.  The  quality  of  the  quick-ripening" 
summer  varieties  deteriorates  more  rapidlj^  than  that  of  the  later  kinds. 
Much  of  the  loss  in  quality  in  the  storage  of  pears  may  be  attributed 
to  their  overripeness.  The  quality  is  also  injured  b}^  impure  air  in  the 
storage  rooms,  and  the  wann  summer  pears  will  absorb  more  of  the 
odors  than  the  late  winter  varieties.  The  fruit  will  absorb  less  if  cool 
when  it  enters  the  storage  room.  The  air  of  the  storage  room  should 
be  kept  sweet  by  proper  ventilation. 

The  rapidity  with  which  the  fruit  breaks  down  after  removal  depends 
on  the  nature  of  the  variety,  the  degree  of  maturity  when  withdrawn, 
and  the  temperature  into  which  it  is  taken.  Summer  varieties  break 
down  normally  more  quickl}'  than  later  kinds.  The  more  mature  the 
fruit  when  withdrawn  the  quicker  deterioration  begins,  and  a  high 
temperature  hastens  deterioration.  If  taken  from  the  storage  house 
in  a  firm  condition  to  a  cool  temperature,  the  fruit  will  stand  up  as 
long  as  other  pears  in  a  similar  degree  of  maturity  that  have  not  l>een 
in  stoi'age. 

It  pays  to  store  the  best  grades  of  fruit  only.  Fruit  that  is  imper- 
fect or  bruised,  or  that  ha*$  been  handled  badly  in  any  respect,  does  not 
keep  well. 
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INFLTJSirCE  OF  COIiD  STORAGE  ON  THE  PEACH  INDUSTRY. 

Cold  .storage  has  not  materially  influenced  the  development  of  the 
American  peach  ))usiness,  and  it  is  not  likely  to  do  so  to  any  extent  in 
the  future.     In  the  early  days  of  peach  growing  the  industry  was 
Id-alized  in  sections  like  the  Chesapeake  Peninsula,  New  Jersey,  and 
Michigan.     The  use  of  the  fruit  in  considerable  quantities  was  then 
limited  to  a  few  near-by  markets  and  to  a  short  time  in  July,  August, 
and  Septemlier.     Now  peach  growing  is  rapidly  extending  to  all  parts 
of  the   country  where  the  climatic  conditions  and  the  facilities  for 
transportation  are  favomble.     The  refrigerator-car  service  has  brought 
the  jjeach  In^lts  and  the  distant  markets  close  together,  and  whenever 
the  crop  is  general  the  New  York  or  the  Chicago  trade  may  be  sup- 
plied almost  continuously  from  May  till  late  October  with  fruit  from. 
Florida,  Texas,  Georgia,  the  Chesapeake  Peninsula,  New  Jei-sey,  the 
Ozark   Mountain  region,  Michigan,  New  England,  California,  West 
Virginia,  western  Maryland,  and  other  peach-growing  sections. 

The  chief  value  of  cold  storage  to  the  peach  industry  will  probably 
lie  in  the  temporary  storage  of  the  fruit  during  an  overstocked  mar- 
ket, when,  however,  there  is  a  reasonable  prospect  of  a  better  market 
within  two  or  three  weeks.  It  might  be  useful  also  in  filling  the  gaps 
l)etween  the  crops  of  different  regions,  especially  when  there  are  local 
failures  which  prevent  a  continuous  supply.  It  is  not  now  profitable 
to  store  the  fruit  for  an}'  length  of  time,  nor  under  any  circumstances 
unlesH  the  condition  of  the  fruit  and  the  storage  conditions  are  most 
favorable.  The  life  processes  in  the  peach  and  the  weather  conditions 
in  which  it  is  handled  make  it  even  more  critical  as  a  stonige  product 
than  the  delicate  Bartlett  pear.  In  normal  ripening  it  passes  from 
maturity  to  decay  in  a  few  hours  in  hot,  humid  weather.  The  aroma 
and  flavor  are  most  delicate  in  character  and  are  easily  injured  or  lost, 
and  the  influence  of  any  mismanagement  of  the  fruit  in  the  orchard, 
in  transit,  or  in  the  storage  house  is  quickly  detected  by  the  ('onsiuner. 

I'RACTICAL  DIFFICULTIES  IN  PEACH  STORAGE. 

Under  the  most  favorable  conditions  known  at  present,  peach  stor- 
age is  a  hazardous  business.     Before  the  fruit  is  taken  from  the  stonige 
house  the  fle^sh  often  turns  brown  in  color,  while  the  skin  remains 
bright  and  normal.     If  the  flesh  is  natural  in  color  and  texture  it  fre- 
quently discolors  within  a  day  or  two  after  removal.     There  is  a  i^apid 
deterioration  in  the  quality  of  stored  peaches  when  the  fruit  is  held 
for  any  length  of  time,  the  deliciite  aroma  and  flavor  giving  way  to  an 
insipid  or  even  bitter -taste.     Sometimes  the  flesh  dries  out,  or  under 
other  conditions  it  may  become  ''pasty."     Dealers  in  storage  peaches 
frequently  sell  them  in  a  bright,  firm  condition,  and  shortly  after- 
watds  the  purchasers  complain  of  the  dark  and  worthless  quality  of 
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the  flash.  It  has  often  been  noticed  that  fruit  in  the  various  packa^et^ 
in  the  same  room  does  not  keep  equally  well,  some  of  it  ripening  and 
even  softening  while  the  fruit  in  other  packages  is  still  firm.  In  fiact, 
the  difficulties  are  so  numerous  that  few  houses  attempt  to  store  the 
fruit. 

It  has  been  the  aim  in  the  cold-storage  investigations  of  the  Depart- 
ment of  Agriculture  to  determine,  as  far  as  possible,  the  cause  of  the 
peach-storage  troubles  and  to  indicate  the  conditions  under  which  the 
business  may  be  more  successfully  developed. 

OXnXINE  OF  EXFSBIMENTS  IN  PEACH  STORAGE. 

The  investigations  have  })een  conducted  in  the  cold-storage  depart- 
ment of  the  Reading  Terminal  Market  in  Philadelphia,  Pa.,  with 
Elberta  peaches  from  the  Hale  Orchard  Company,  Fort  Valle\%  Ga., 
and  in  the  warehouse  of  the  Hartford  Cold  Stomge  Company,  Hart- 
ford, Conn.,  with  Elberta  and  several  other  varieties  grown  Iw  J.  H. 
Hale  at  South  Glastonbury,  Conn. 

In  Georgia  the  fruit  was  packed  in  the  Georgia  peach  carriers,  left 
unwrapped,  and  divided  into  two  lots,  one  representing  fruit  that  was 
nearl}'  full  grown,  well  colored,  and  hard;  the  other,  highly  colored 
fruit,  closely  approaching  but  not  yet  mellow.  Three  duplicate  ship- 
ments were  forwarded  at  different  times  in  the  two  lx)ttoni  la^-ei's  of 
ref rigci'ator  cai-s,  and  in  each  shipment  part  of  the  fruit  was  placed  in 
the  car  within  three  or  four  hours  after  it  was  picked,  and  an  equal 
quantity  delayed  in  a  packing  shed  from  ten  to  fifteen  houi-s  during 
the  day  before  it  was  loaded.  Equal  quantities  of  each  series  were 
stored  in  temperatures  of  32^,  36^,  and  4:0"^  F.  The  tmnsfer  from  the 
ref  rigenitor  car  to  the  storage  house  was  made  by  wagon  at  night,  the 
interval  between  the  car  and  storage  varying  from  two  to  five  hours. 

In  Connecticut  the  fruit  represented  two  degrees  of  maturity,  simi- 
lar to  the  Georgia  shipments,  except  that  the  most  mature  fruit  was 
mellow  when  stored.  This  fruit  was  grown  at  an  elevation  of  450  feet 
on  trees  six  years  old.  It  was  medium  in  size,  firm,  highly  colored, 
and  of  excellent  shipping  quality.  Equal  quantities  were  wmpped  in 
California  fruit  paper  and  left  unwrapped,  and  packed  in  the  Connec- 
ticut half -bushel  basket,  in  Georgia  carriers,  and  in  flat,  20-pound 
boxes,  holding  two  layers  of  fruit.  The  peaches  were  forwarded  by 
trolley  to  the  storage  house,  which  was  reached  in  two  hours  after  the 
fruit  left  the  packing  shed.  Duplicate  lots  of  all  the  series  were  stored 
in  temperatures  of  82  \  8()'\  and  40^'  F. 

(4ENKRAL   STATEMENT   OF   RESULTS. 

The  general  outcome  of  the  experiments,  both  with  the  Georgia  and 
the  Connecticut  fruit,  is  similar  and  may  be  summed  up  as  follows: 

The  fruit  that  was  highly  colored  and  firm  when  it  entered  the  stor- 
age house  kept  in  prime  commercial  condition  for  two  to  three  weeks 
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in  a  temperature  of  32^  F.  The  (juality  was  retained  and  the  fruit 
stood  up  two  or  three  days  after  removal  from  the  storage  house,  the 
leogth  of  iU  clui-ability  depending  on  the  condition  of  the  weather 
when  it  was  removed.  After  three  weeks  in  storage  the  quality  of 
the  fniit  deteriorated,  though  the  peaches  continued  firm  and  bright 
in  appearance  for  a  month,  and  retained  the  nonnal  color  of  the  flesh 
two  or  three  davs  after  removal.  If  the  fruit  was  mellow  when  it 
entered  the  .storage  house  it  deteriorated  more  quickly,  both  while  in 
^to^age  and  after  withdrawal.     If  unripe  it  shriveled  considerably. 

In  a  temperature  of  40-  F.  the  ripening  processes  progressed  rap- 
idly, and  the  flesh  began  to  turn  brown  in  color  after  a  week  or  ten 
days  in  storag-e.  The  fruit  also  deteriorated  much  more  (|uickly  after 
removal,  as  it  was  alread}'  nearer  the  end  of  its  life  history.     It  began 

I  to  lose  in  quality  at  the  end  of  a  week. 

I  In  a  temperature  of  3»3^  F.  the  fruit  ripened  more  rapidly  than  in 
32%  and  more  slowly  than  in  40"  F.  It  reached  its  profitable  commer- 
cial limit  in  ten  da^'s  to  two  weeks,  when  the  (juality  began  to  dete- 
riorate, and  after  this  period  the  flesh  began  to  discolor.  (See  PI.  I, 
frontispiece. 
The  fruit  kept  well  in  all  of  the  packages  in  a  tempemture  of  32^^  F. 

f  for  about  two  weeks,  after  which  that  in  the  open  h^askets  and  in  the 
(feorgia  carriers  began  to  show  wilting-     In  the  20-p()und  boxes,  in 

i  which  the  circulation  of  air  is   restricted,  the  fruit  remained   firm 
throughout  the  storage  season. 

It  is  necessary  that  the  fruit  be  packed  firmly  to  prevent  bruising 
m  transit,  but  if  the  peaches  pressed  against  each  other  unduly  it  was 
found  that  the  compressed  parts  of  the  flesh  discolored  after  a  week  in 
^rage.  A  wrapper  proved  a  great  protection  against  this  trouble, 
Ci^pecially  in  the  baskets  of  the  Georgia  peach  carrier,  and  in  all  of  the 
Packages  the  wmpped  fruit  retained  its  firmness  and  brightness  for  a 
longer  time  than  that  left  without  wrappers. 

The  fruit  should  be  removed  from  stomge  while  it  is  still  firm 
and  bright.  The  peach  normally  deterioi"ates  quickh'  after  it  reaches 
^naturity,  and  the  rapidity  of  deterioration  is  influenced  b^-  the  nature 
of  the  variety,  b}'  the  degree  of  ripeness  when  removed,  and  b}'  the 
tempemture  into  which  it  is  taken.  A  quick  ripening  sort,  like 
Champion,  is  more  active  biologicalh*  and  chemicallv  than  the  Elberta 
^'ariety,  and  the  warmer  the  temperature  in  which  either  is  placed 
the  sooner  decomposition  is  accomplished.  It  is  advisable  therefore 
to  remove  the  fruit  while  firm  and  keep  it  in  the  coolest  possible 
^^inperature. 

The  peaches  in  the  top  of  a  i-efrigerator  car  that  has  been  several 
"^P  in  transit  in  hot  weather  are  sometimes  overripe  and  need  to  be 
^W  ^  soon  as  the  market  is  reached,  while  at  the  same  time  the  fruit 
*D  the  bottom  layers  may  still  be  firm.     The  rapidit}'  with  which  the 
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fruit  cools  down  in  the  car  depends  on  the  care  with  which  the  car  U 
iced,  and  on  the  temperature  at  which  the  fruit  enters  the  car.  Fruil 
that  is  loaded  in  the  middle  of  a  hot  day  and  that  has  been  picked  in  a 
heated  condition  may  be  20  or  more  degrees  warmer  than  fruit  picked 
and  loaded  in  the  cool  of  the  morning.  Such  warm  fruit  ripens  mucli 
more  rapidly,  consumes  more  ice  in  cooling  down,  and  takes  loncrer 
to  reach  a  low  temperature.  When  the  temperature  in  the  top  of  the 
car  is  higher  than  that  of  the  lower  part  the  ripening  of  the  upper 
layers  of  fruit  will  be  hastened.  If  the  fruit  is  destined  for  cold 
storage,  these  upper  layers,  if  more  mature,  should  be  piled  .sepa- 
rately, and  sold  as  soon  as  their  condition  warrants  it.  Under  these 
conditions  if  the  fruit  from  this  position  is  mixed  in  with  the  rest 
of  the  load  it  may  begin  to  deteriorate  before  the  remainder  of  the 
fruit  shows  mellowing. 

The  general  principles  outlined  in  former  pages  for  the  handling-  of 
the  Bartlett  pear  apply  to  the  storage  of  the  peach,  except  that  the  latter 
fruit  is  more  delicate  and  the  ripening  processes  are  even  more  i*apid. 
Ever}^  condition,  therefore,  surrounding  the  peach  in  the  orchard,  in 
transit,  in  the  storage  house,  and  at  withdrawal  must  be  most  favor- 
able.    The  fruit  must  be  well-grown  and  well-colored  but  firai  when 
picked.     The  packing  must  be  done  with  care  to  prevent  bruising. 
If  the  fruit  is  to  be  transported  in  refrigerator  cars,  it  should  be 
loaded  soon  after  picking,  and  prefei-abl}^  before  it  loses  the  cool  night 
temperature.     The  peaches  should  be  transferred  from  the  cars  to 
the  storage  house,  or  from  the  orchard  to  the  storage  house  if  the 
latter  is  near  the  orchard,  in  the  quickest  possible  time.    The  air  of 
the  storage  room  should  be  kept  sweet  and  pure.     The  fruit  should 
always  be  removed  to  the  coolest  possible  temperature,  usually  at  the 
end  of  two  weeks,  while  it  is  still  firm,  and  it  should  be  placed  in  the 
consumer's  hands  at  once. 

If  the  fruit  is  overripe  when  picked,  or  becomes  mellow  from 
unfavoi^ablc  handling  before  it  enters  the  stoi-age  house,  it  is  ali'ead}' 
m  a  critical  condition  and  may  be  expected  to  deteriorate  quickly-. 

If  the  conditions  outlined  arc  observed  in  the  handling  of  the  peach, 
it  is  possible  to  store  it  temix)rarily  with  favorable  results. 
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DESCBIPnON  OF  PLATES. 

Plate  I.  (Frontispiece. )  Average  comlitioii  of  (ieorgia  Elberta  peaches  two 

in  storage  after  forty-eight  houre'  withdrawal  to  a  warm  room.  The  upper 
specimen  represents  the  average  condition  of  fruit  stored  in  a  temperature  of 
3<)°  F.  Tho  lower  specimen  represents  the  average  condition  of  the  fruit  storeti 
in  32®  F.  The  lower  temperature  gave  better  results  in  every  respect,  (Xataral 
size. ) 

Plate  II.  Average  condition  of  Maryland  Kieffer  pears,  March,  1902.  TliLs  frait 
was  picked  from  young  trees  on  October  21,  1901,  and  was  stored  the  following 
day  in  a  temperature  of  82°  F.  Under  these  conditions  the  fruit  kept  Mrell  until 
late  in  the  spring.      (Reduce<l  one-fifth.) 

Plate  III.  Average  condition  of  Maryland  Kieffer  pears  on  January  15, 1902.  Thia 
fruit  was  picked  from  young  trees  October  21,  1901,  and  stored  in  a  iinii  condi- 
tion ten  days  later  in  a  temperature  of  32°  F.  The  delay  in  the  storage  caused 
the  fruit  to  decay  from  the  core  outward.     (Reduced  one-fifth.) 

Plate  IV.  Fig.  1  shows  the  influence  of  immediate  and  delayed  storage  on  Mary- 
land Kieffer  i>ear8.     The  fruit  in  the  box  at  the  right  represents  the  average  con- 
dition of  pears  picked  October  21,  1901,  stored  October  22,  and  withdrawn  March 
3,  1902.     Storajre  temperature  32®  F.     The  fruit  was  wrapped  in  parchment 
paper.     It  was  in  prime  commercial  condition  when  withdrawn  from  storage. 
The  fruit  in  the  box  at  the  left  represents  the  average  condition  of  pears  picked 
ffom  the  same  trees  at  the  same  time.     It  was  stored  in  the  same  temperature 
ten  davs  later  and  withdrawn  March  3,  1902.     All  of  the  fruit  had  decaved. 
Fig.  2  shows  the  influence  of  3()°  and  32°  F.  storage  temperature  on  the  keeping 
of  Kieffer  peart?.     The  fruit  in  both  packages  was  picked  October  21,  1901,  and 
storeil  October  22,  1901.     The  package  at  the  left  represents  the  average  con- 
dition of  the  fruit  when  Avithdrawn  March  3,  1902,  from  a  temperature  of  36**  F. 
All  of  the  pears  were  soft  and  di8colore<l,  and  some  of  them  decayed.    The  fruH 
in  the  package  at  the  right,  kept  in  a  temperature  of  32°  F.,  was  bright  yellow, 
firm,  and  in  i>rime  commercial  condition. 

Plate  V.  Average  conditit)n  of  Maryland  Kieffer  pears  March  3,  1902.  Picked 
October  21,  1901;  stored  Octol>er  22,  1901.  Temperature  36°  F.  In  this  tem- 
perature the  fruit  did  not  keep  well  after  December  1.     (Reduced  one-fifth. ) 

Plate  Vl.  The  upper  figure  shows  the  average  condition  of  western  New  York  Bart- 
lett  pears  in  the  center  of  a  barrel  one  week  after  Imng  placed  in  storage.  In 
this  position  the  fruit  cools  more  slowly  than  that  near  the  staves  or  ends  and 
it  therefore  rii)ens  considerably  l^efore  the  tem[)erature  is  reduced.  The  lower 
figure  shows  the  average  condition  of  the  pears  one  week  after  storing  at  top  and 
bottom  and  next  to  the  .staves  of  the  same  barrel.  In  these  positions  the  fruit 
cools  quickly  and  the  ripening?  processes  are  retailed.  For  quick  ripening  fruits 
that  are  handled  in  hot  weather  small  packages  are  preferable.     (Natural  sise.  ) 

Plate  VII.  Illustration  of  the  influence  of  wrapi)er8  on  the  keeping  of  the  Kieffer 
I)ear.  This  fruit  wa.s  picked  Octol)er  21,  1901,  stored  October  22,  1901,  in  a  tem- 
perature of  32°  F.,  and  withdrawn  January  20,  1902.  Nearly  50  per  cent  of  the 
unwrapped  fruit  was  decaye<i,  while  there  was  no  loss  in  the  fruit  wrappetl  in 
news  paper  or  in  i)archment  i)aper  (lowest  figure). 

28 

.'.      •   J    «  .  ^  V  ■  .  4    Ik 


h  boiiwpick.4H>fi(iWr'Jl.  uni.IhBlnn  itit  rlithl  bflns  pluc-ifd  in  «1 
IiULijwfng iJay,  nhlii:  llml  on  Ihe  lift  wax  nol  BH.n-el  fcjf  Irii  d«y». 


pluc-ifd  in  nlorace  i>n  ihe 


D  ay  F.) 

n  Ihe  right 


,  March.   1902.      (Ffiuit   picked   Oct'-ber   21,    1901, 


Bawtlett  pe*bs,  one 


KiEPFER  Pears.  Removed  from  Cold  Storabe  on  January  20,  1902. 

'^'Pii'kwlO.-ioliiTai.  1901,  ntiiplaiPd  in  Blorage  iin  the  t..Uciwlii([  rtay.     Ni'arly.'iO  pit 
"nprinual  neMr-i«i|>er  kepi  li>  lerk't  I  gonUUloD. 


r 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 
BOBUO  Of  ?U1IT  iroiBniT— BDlLBTIir  Bi.  fl. 

B.T.  OALLOWAV.  CTi'/qrfilireoii. 


CARL  a  SCOFIELD, 
ExFEBT,  Grain  Investioationb. 


BOTXHICAL.    INVESTIGATIONS    AND    EXPERIMENTS. 


laeUBD  JUHB  13,  1903. 


BUREAU  OF  PLANT  INDUSTRY, 


B.  T.  Galloway,  Chief  of  Bureau, 


BOTANICAL  INVESTIGATIONS  AND  EXPERIMENTS. 


SCIENTIFIC   STAFF. 

Frederick  V.  Coville,  Botanist. 

0.  F.  Cook,  Botanist  in  Charge  of  Tropical  Agriculture. 

Rodney  IL  True,  Physiologist,  Drug  and  Medicinal  Plant  Investigations. 

Lyster  H.  Dewey,  Botanist  in  Charge  of  Investigations  of  Fiber  Plants. 

V.  K.  Chesnut,  Assistant  Botanist  in  Charge  of  Investigations  of  Poisonous  Plants. 

Edgar  Brown,  Botanist  in  Charge  of  Seed  Laboratory. 

Carl  S.  Scofield,  Expert,  Grain  Investigations. 

G.  N.  Collins,  Assistant  Botanist,  Tropical  Agriculture. 

William  E.  Safford,  Assistant  Curator,  Tropical  Agriculture. 

F.  H.  Hillman,  Assistant  Botanist,  Seed  Herbarium. 

Joseph  W.  T.  Duvel,  Assistant  in  Seed  Laboratory. 

W.  R.  Beattie,  Assistant,  Testing  Garden. 

W.  W.  Tracy,  Jr.,  Assistant,  Variety  Trials. 

W.  F.  Wight,  Assistant,  Geographic  Botany. 

W.  0.  Richtmann,  Pharmacognostical  Expert. 

2 


LETTER  OF  TRANSMITTAL. 


U.  S.  Dbpaktmbnt  of  Agriculture, 

Bureau  of  Plant  Industrt, 

Office  of  the  Chief, 

Washington,  D.  (7.,  May  11,  1903. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
tablication  as  Bulletin  No.  41  of  the  series  of  this  Bureau,  the  accom- 
pwying  paper  entitled  "The  Commercial  Grading  of  Corn."  This 
ptper  was  prepared  by  Mr.  Carl  S.  Scofield,  an  expert  of  this  Bureau, 
Mid  has  been  submitted  by  the  Botanist  with  a  view  to  publication. 

The  four  half-tone  illustrations  are  essential  for  the  purposes  of  this 
klletin. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau, 

Hon.  jAifES  Wilson, 

Secretary  of  AgricuUwre. 


PREFACE. 


For  the  past  two  years  the  Department,  of  Agriculture  has  been 
Kvestigating,  in  cooperation  with  the  chief  grain  inspectors  of  the 
oantry,  the  systems  of  grain  inspection  in  use  in  the  various  grain 
pftrkets  of  the  United  States,  in  order  to  ascertain  how  these  systems 
light  be  improved  and  made  more  useful  to  agricultural  and  commer- 
U  interests.  The  investigation  has  been  prosecuted  by  Mr.  C.  S. 
fcofield  under  the  direction  of  the  Botanist,  and  the  present  report, 
wering  the  subject  of  com,  is  the  first  to  be  presented  for  publication. 

A  difference  of  2  per  cent  in  the  moisture  of  a  shipload  of  com  may 
ktermine  whether  it  will  arrive  at  its  destination  in  a  sound  condi- 
iMi  or  be  seriously  damaged.  At  present  the  only  means  which  an 
pspector  uses  to  determine  this  difference  in  moisture  is  his  sense  of 
TOch,  never  aided  or  corrected  by  any  actual  measurement  of  the 
tooistare. 

l^pon  the  request  of  the  Botanist,  the  Chief  of  the  Bureau  of  Chem- 
^  conducted  a  series  of  moisture-determination  experiments  upon 
toples  of  corn  furnished  him,  and  fixed  upon  a  form  of  apparatus 
j*«able  for  measuring  the  moisture  content  of  grain.  With  this 
■Pparatus  a  large  series  of  moisture  determinations  has  been  made  in 
He  Botanical  Laboratory  on  samples  of  corn  secured  from  various 
**''tet8.  Based  upon  the  results  of  these  experiments,  this  report  is 
*>w  published  in  order  to  show  to  the  commercial  organizations  how 
"cir  inspection  may  be  made  more  nearly  uniform  and  how  both  the 
wyer  and  the  seller  may  be  benefited  through  the  possession  of  a 
■tore  exact  description  of  their  goods  than  can  be  secured  by  existing 
Joethods. 

Frederick  V.  Coville, 

BotcmUt, 

I    OmCE  OF  THE   PkyrANIST, 

j  Washtnfft^m,  B.  C,  May  1,  1903. 
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THE  COMMERCIAL  GRADING  OF  CORN. 


IKTBOBTJCnOK. 

The  basiness  of  buying  and  selling  grain  is  one  of  enormous  impor- 
tance in  this  country.  The  production  of  breadstuffs  is  not  the  only 
thing  to  be  considered  in  supplying  the  world  with  food.  It  is  neces- 
sary that  the  raw  material  be  moved  to  the  points  where  it  is  needed 
and  in  most  cases  it  must  be  milled  before  it  is  consumed. 

The  business  of  moving  this  grain  from  producer  to  manufacturer 
or  consumer  has  been  developed  to  a  high  degree.  There  are  in 
nearly  all  our  larger  cities,  particularly  in  those  through  which  grain 
passes  on  its  way  to  the  consumer,  either  domestic  or  foreign,  trade 
organizations  whose  members  deal  either  wholly  or  partly  in  grain. 
These  organizations  are  important  to  the  producer  as  well  as  to  the  con- 
samer,  sinc«  they  furnish  the  means  for  easy  communication  between 
the  two  and  tend  to  prevent  acute  conditions  of  scarcity  or  congestion 
of  material. 

These  organizations  have  adopted  certain  rules  of  trade  which  aim 
to  permit  their  members  to  transact  the  largest  amount  of  business 
with  the  least  expense  and  friction.  They  have  among  other  things 
established  rules  governing  the  classification  and  grading  of  the  grain 
which  they  handle  and  the  inspection  of  it,  and  providing  for  its 
weighing  and  registration. 

These  classes  and  grades  of  grain  have  been  established  to  facilitate 
trade  and  as  far  as  possible  to  dispense  with  the  cumbersome  method 
of  dealing  by  sample.  In  some  markets  the  inspection  and  grading 
have  been  developed  to  such  a  degree  and  work  so  satisfactorily  that 
grain  which  is  deliverable  on  contract  is  never  shown  by  sample. 
The  dealers  depend  wholly  upon  the  honesty  and  efficiency'  of  their 
inspection  departments.  In  other  markets  this  is  not  the  case.  The 
purchases,  at  least  those  made  for  consumption  or  manufacture  in  the 
latter  markets,  are  made  on  the  basis  of  sample  and  frequently  regard- 
less of  the  grade  assigned  by  the  inspection  department. 

It  is  customary  for  the  ti*ade  organization  in  each  market  to  estab- 
lish for  each  kind  of  grain  what  is  known  as  the  ^^  contract  grade." 
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This  grade  is  usually,  though  not  always,  the  one  of  which  there  is  the 
largest  quantity  handled  at  that  market.  Practically  all  deals  made  on 
contract  or  for  future  delivery  are  on  the  basis  of  this  contract  grade, 
and  it  is  the  price  of  this  grade  that  is  given  in  the  market  quotations. 
The  determination  of  what  may  or  may  not  be  delivered  as  contract 
grade  or  an}^  other  grade  is  left  to  the  inspection  department,  which 
acts  as  arbiter,  guided  by  the  genei*al  rules  or  customs  of  the  market. 

INSPECnOK  BEPABTMENTS. 

Inspection  departments  are  in  most  cases  managed  by  the  trade 
organization,  independent  of  any  outside  control  either  on  the  part  of 
the  consumer  on  the  one  hand  or  of  the  producer  on  the  other.  How- 
ever, in  five  States  the  grain -inspection  departments  operating  therein 
are  under  the  control  of  the  State,  either  through  a  board  of  railway 
and  warehouse  commissioners  or  through  a  special  commission. 

The  question  as  to  how  these  inspection  departments  should  be  con- 
trolled is  a  local  one  and  of  relatively  small  importance.  As  a  rule 
they  are  supported  by  fees  for  services  rendered,  and  are  presumably 
composed  of  efficient  and  disinterested  men.  What  these  departments 
need  more  than  a  change  in  or  uniformity  of  control  is  a  greater  uni- 
formity in  methods  of  work  and  in  results.  To  attain  this  they  must 
have  more  adequate  equipment.  They  must  have  available  such  appa- 
ratus as  is  necessary  to  educate  the  judgment  of  the  inspectors  for 
general  work  and  to  determine  accurately  all  crises  of  doubt  or  appeal. 

The  cost  of  maintaining  grain  inspection  is  a  small  item  when  the 
interests  involved  are  considered.  The  charge  varies  in  diflferent  mar- 
kets from  about  25  cents  to  75  cents  per  carload  or  per  1,000  bushels,  or 
from  less  than  one-quarter  of  a  mill  to  three-quarters  of  a  mill  per 
bushel.  A  slight  error  in  judgment  on  the  part  of  an  inspector  may 
make  a  diflference  of  a  grade  in  any  cargo,  which,  under  normal  con- 
ditions, means  a  difference  of  2  or  3  cents  a  bushel,  while  at  other 
times,  as  in  case  of  a  ''corner,''  the  difference  may  be  much  greater. 
Thus,  while  the  inspection  costs,  say,  50  cents,  a  wrong  grading  might 
mean  a  difference  of  $25  on  a  carload.  Relatively,  therefore,  the  cost 
of  grain  inspection  is  an  inconsiderable  item. 

GRAIN  GRADING. 

Reduced  to  its  simplest  terms,  the  inspection  and  grading  of  grain 
consists  in  the  examination  of  the  various  lots  or  cargoes  to  determine 
the  uniformity  of  each  and  the  assigning  of  them  to  the  grades  to  which 
they  belong.  This  would  obviously  be  simple  enough  were  the  elements 
considered  in  grading  all  easily  measured  and  defined,  or  were  they 
reasonably  distinct;  but  they  are  neither.  The  variations  on  different 
lots  are  frequently  so  slight  that  if  a  line  is  drawn  which  is  to  mark  a 
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limit  of  a  grade  it  is  difficult  to  detennine  in  cases  close  to  this  line 
whether  they  may  be  admitted  or  not.  More  than  this,  the  qualities 
considered  do  not  vary  uniformly;  for  example,  one  lot  of  g^rain  may 
be  of  very  high  quality  in  all  respects  but  one,  while  another  may  be 
good  in  all  but  some  other  one  point,  and  still  another  may  be  mediocre 
in  all  respects.  For  some  purposes  the  first  lot  might  be  worth  quite 
as  much  as  if  it  had  no  defect,  while  for  other  purposes  it  would  be 
worth  less  than  the  other  lots  merely  on  this  account.  It  has  therefore 
been  difficult  to  make  rules  governing  grades  or  to  state  grade  require- 
ments  in  a  way  that  is  definite  and  satisfactory.  The  men  who  have 
made  these  rules  and  definitions  for  grades  have  met  this  difficulty  by 
resorting  to  the  use  of  indefinite  terms  and  obscure  phi-ases,  leaving 
ttie  responsibility  for  their  interpretation  almost  entirel}^  with  the 
inspector. 

Following  are  the  rules  for  grading  com  recently  recommended  by 
the  Chief  Grain  Inspectors'  National  Association  for  adoption  by  the 
trade  organizations  and  commissions  which  control  the  inspection 
departments  represented  by  these  chiefs: 


'.'  f 


OOKN. 


No.  1  YeUow  Com  shall  be  pare  yellow  oom^  sound,  plump,  dry,  sweet,  and  clean. 

No.  H  YdLow  Com  shall  be  95  per  cent  yellow  com,  dry,  sweet,  and  reasonably  clean, 
bat  not  safSciently  sound  or  plump  for  No.  1  Yellow. 

No.  S  Ydiow  Com  shall  be  95  per  cent  yellow  com,  reasonably  dry,  reasonably  clean, 
bat  not  sufficiently  sound  and  dry  for  No.  2  Yellow. 

No.  4  Yellow  Com  shall  be  95  per  cent  yellow  com,  not  fit  for  a  higher  grade  in 
consequence  of  being  of  poor  quality,  damp,  musty,  or  dirty. 

No  Grade  YeUow  Com.     (See general  rule.) 

No.  1  Mixed  Com  shall  be  mixed  com,  sound,  plump,  dry,  sweet,  and  clean. 

Notif  Mxed  Com  shall  be  mixed  corn,  dry,  sweet,  and  reasonably  clean,  but  not 
sofficiently  sound  and  plump  for  No.  1  Mixed. 

No.  J  Mixed  Com  shall  be  mixed  com,  reasonably  dry,  reasonably  clean,  but  not 
mffidently  sound  and  dry  for  No.  2  Mixed. 

No.  4  Mixed  Com  shall  be  milced  com  not  fit  for  a  higher  grade  in  consequence  of 
being  of  poor  quality,  damp,  musty,  or  dirty. 

No  Grade  Mixed  Com.    (See  general  rule. ) 

No.  1  White  Com  shall  be  pure  white  com,  sound,  dry,  plump,  sweet,  and  clean. 

No.  g  While  Com  shall  be  98  per  cent  white  com,  dry,  sweet,  reasonably  clean, 
bat  not  sufficiently  sound  and  plump  for  No.  1  White. 

No.  S  While  Com  shall  be  98  per  cent  white  com,  reasonably  dry,  reasonably  clean, 
bat  not  sufficiently  sound  and  dry  for  No.  2  White. 

No.  4  While  Com  shall  be  98  per  cent  white  com,  not  fit  for  a  higher  grade  in  con- 
Kqaence  of  being  of  poor  quality,  damp,  musty,  or  dirty. 

No  Grade  White  Com.     (See  general  rule. ) 

No  Grade — General  Rule, — All  grain  of  any  kind  and  variety  that  is  wet,  hot,  or  in 
a  heating  condition,  burned  or  smoky,  contains  weevil,  or  is  for  any  reason  unfit  for 
warehousing,  shall  be  classed  and  graded  '^No  Grade." 

These  rules  are  considered  as  representing  the  latest  commercial 
ideas  on  rule  making  for  the  grading  of  corn,  and  were  proposed  for 
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the  purpose  of  securing  uniformity  of  work  by  the  various  inspection 
departments. 

Except  for  the  percentage  of  color  permissible  in  each  of  two  of  the 
classes,  there  is  scarcely  a  term  used  in  stating  these  grade  require- 
ments which  does  not  give  great  latitude  for  personal  interpretation. 
The  terms  ^^  reasonably  dry  '^  and  '^  reasonably  clean "  are  too  indefinite 
to  stand  alone  as  a  basis  for  accurate  work.  The  clause  in  grade  No. 
3  ^^  but  not  sufficiently  sound  and  dry  for  No.  2  "  is  not  especially  lucid 
when  investigation  shows  that  the  corresponding  clause  of  grade  No. 
2  reads  "but  not  sufficiently  sound  and  plump  for  No.  1,"  while  No. 
1  requires  that  the  corn  shall  be  "sound,"  "dry,"  and  "plump." 

Having  such  indefinite  standards  to  work  to  and  being  buffeted 
about  by  opposing  interests  vitally  concerned  in  the  decisions  which 
he  makes,  it  does  not  seem  strange  that  the  inspector  should  sometimes 
do  inconsistent  work,  nor  is  it  to  be  wondered  at  that  the  grading  of 
similar  lots  of  grain  differs  in  different  markets. 

It  is  customary  in  most  markets  at  the  present  time  for  the  actual 
work  of  grading  to  be  done  on  the  railroad  track  or  at  the  delivery 
spout  of  an  elevator  by  a  deputy  inspector.  This  deputy  must  work 
rapidly,  through  all  kinds  of  weather  and  light,  in  many  cases  without 
supervision,  and  nearly  always  without  apparatus  for  deciding  doubt- 
ful cases  or  means  of  having  his  judgment  corrected  in  case  of  error. 
If  his  decision  is  not  satisfactory  to  the  interested  parties,  appeal  may 
be  taken  or  reinspection  called  for;  but  the  deputy  seldom  knows 
directly  the  results  of  such  appeal  or  reinspection,  and  still  more 
rarely  does  he  know  the  reason  for  the  change,  if  one  is  made. 

In  some  cases  shipments  from  a  market  are  sampled  and  the  samples 
kept  for  a  time  at  the  main  office  of  the  inspection  department,  partic- 
ularly in  case  of  cargoes  for  export;  but  these  samples  are  taken  and 
kept  more  for  purposes  of  identification  and  certification  than  to  edu- 
cate or  correct  the  judgment  of  the  deputy  inspectors. 

The  movement  of  grain  from  one  market  to  another  in  this  country 
and  from  the  various  interior  points  to  the  coAst  ports  for  export 
involves,  in  the  regular  course  of  business,  unless  it  is  shipped  directly 
through  with  its  identity  preserved,  from  three  to  six  inspections  on 
any  given  lot  of  grain.  Where  grain  is  handled  wholly  in  bulk  and 
where  it  must  be  transferred  from  cars  to  elevators,  from  elevators  to 
boats,  from  boats  to  elevators,  and  again  to  cars,  and  possibly  again 
to  elevators  before  being  finally  delivered  for  manufacture  or  export, 
preserving  its  identity  involves  so  much  additional  trouble  and  expense 
that  it  is  not  ordinarily  done;  nor  would  this  be  necessary  were  it 
possible  to  maintain  a  system  of  inspection  and  grading  by  which 
commercial  grain  could  be  accurately  graded  according  to  its  com- 
mercial value. 

Millers  and  other  manufacturers  of  cereal  products,  as  well  as  large 
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oonsumers  of  raw  cereals,  are  forced  by  competition  to  learn  the  rela- 
tive values  of  the  various  lots  of  grain  offered  for  sale.  Science  has 
aided  these  men  in  determining  the  best  kinds  of  gi'ain  for  their  vari- 
ous purposes  and  how  they  may  be  distinguished.  These  manufac- 
turers and  consumers  are  the  men  who  actually  and  finally  determine 
relative  values  in  cereals,  and  the  discriminations  which  they  make 
and  the  elements  which  they  consider  in  i^lecting  their  material  should 
be  the  basis  used  by  the  grain  inspectors  in  their  work. 

All  grain  is  intended  ultimately'  for  consumption,  and  the  number  of 
times  it  may  be  bought  and  sold  between  the  time  of  its  production 
and  consumption  makes  no  change  in  this  fact.  The  apprehension  that 
uniform  or  accurate  grading  of  grain  may  in  any  way  interfere  with 
extensive  grain  dealing,  either  a^^tual  or  speculative,  is  entirely  with- 
out foundation.  On  the  other  hand,  such  grading  should  help  the  trade 
by  eliminating  in  a  great  measure  one  of  the  largest  sources  of  mis- 
understanding and  consequent  loss,  and  would  give  to  those  who  main- 
tain such  a  system  a  decided  advantage  in  the  world's  markets  over 
those  who  do  not. 

DEFINITE  GBADE  8TANDABD8. 

One  of  the  first  needs  of  the  grain  trade  in  this  country  is  to  have 
the  grade  requirements  accurately  stated  and  the  grade  limits  accu- 
rately defined.  Grain  grades,  if  they  mean  anything,  mean  definite 
relative  values. 

The  chief  trouble  at  present  with  this  grading  work  is  that  the 
inspectors  who  have  to  pass  upon  and  accept  or  reject  the  grain  deliv- 
ered for  a  certain  grade  have  no  definite  standard  for  guidance — no 
means  of  knowing  what  the  grade  requirements  really  are.  They  have 
in  most  cases  only  their  unaided  judgment.  An  appeal  from  this  judg- 
ment must  go  to  a  board  of  appeals  or  to  the  grain  committee  con- 
trolling the  inspection  department.  In  either  case  the  deputy  inspector 
has  insufficient  opportunity  for  checking  up  his  work. 

In  view  of  the  difficulties  under  which  it  is  done,  it  is  remarkable 
that  the  work  of  the  various  inspection  departments  in  the  commercial 
grading  of  grain  is  not  even  less  successful  and  satisfactory  than  is 
now  the  case.  Without  favorable  opportunities  for  educating  their 
judgment,  inspectors  have  nevertheless  developed  marked  ability  for 
determining  both  quality  and  condition  of  grain  by  actual  commercial 
experience.  As  the  inspector  has  almost  no  definite  guide  for  his 
work,  but  must  use  his  own  unaided  judgment,  he  should  not  be  too 
severely  criticized  if  the  character  of  his  work  fluctuates  from  time  to 
time,  particularly  since,  as  has  already  been  stated,  he  is  often  called 
upon  to  pass  his  judgment  very  hurriedly  and  under  adverse  conditions 
of  weather  and  light.  In  cases  where  grain  is  inspected  and  graded 
into  elevators  or  for  sale  on  track,  an  inspector,  even  one  having 


14  THE   OOHMEBOIAL   GRADING   OF   OOBN. 

definitely  in  mind  the  supposed  grade  requirements,  is  often  tempted 
to  let  a  poor  car  into  a  grade  if  he  knows  there  are  some  very  good 
cars  of  that  grade  going  in  with  it  to  even  matters  up.  This,  of 
course,  works  an  injustice  to  the  original  shippers  of  the  good  cars, 
since  the  purchaser  of  the  mixed  lot  can  pay  no  more  than  the  mixture 
is  worth. 

GBADE  TTNTTOBMITT. 

Our  interstate  or  intermarket  trade,  as  well  as  our  foreign  trade, 
urgently  demands  a  system  of  grading  which  shall  be  uniform  throug'h- 
out  the  country,  or  at  least  for  those  markets  handling  the  same  kinds 
of  grain.  In  fact,  uniformity  is  at  present  of  more  conmiercial 
importance  than  any  other  one  thing  connected  with  grain  inspection. 
This  much-desired  uniformity  can  not  be  attained  until  there  is  in  use 
some  definite  understanding  as  to  what  essential  qualities  shall  be  con- 
sidered in  the  grading  of  grain,  and  some  definite  rules  adopted  for 
measuring  these  qualities. 

It  is  the  purpose  of  this  publication,  in  discussing  the  commercial 
grading  of  corn,  to  show  what  some  of  these  essential  elements  are, 
something  of  their  relative  importance,  how  they  may  be  measured 
simply,  accurately,  and  speedily,  and  how  the  results  may  be  stated 
in  a  way  to  show  exact  conditions.  These  results  are  expressed  in 
figures,  and  the  promulgation  of  satisfactory  grade  limitations  is  all 
that  remains  to  secure  uniform  work,  so  far  as  the  elements  measured 
are  concerned. 

The  late  Mr.  S.  H.  Stevens,  the  veteran  flax  inspector  of  the  Chicago 
Board  of  Trade,  developed  such  a  method  for  his  work,  which  is  prob- 
ably at  the  present  time  the  most  nearly  satisfactory  system  of  com- 
mercial grain  inspection  in  existence. 

In  a  report  to  the  Chicago  Board  of  Trade,  under  date  of  September 
1,  1900,  Mr.  Stevens  published  the  grade  standards  for  flax  adopted 
by  the  Board  of  Trade  a  year  previous,  with  the  statements  that  during 
the  year  of  the  operation  of  the  definite  rules  "no  suggestion  of  weak- 
ness or  desired  change  has  reached  this  office  from  any  source,"  and 
"the  flaxseed  inspection  committee,  although  in  close  touch  with  the 
department,  has  not  been  officially  called  for  the  correction  of  error 
during  the  year." 

Following  is  the  rule  for  the  grade  of  No.  1  Northwestern  flaxseed 
published  by  Mr.  Stevens  September  1,  1900: 

No.  1  NorlhweMem  flaxseed, — Flaxseed  to  grade  Number  One  Northwestern  shall 
be  mature,  sound,  dry,  and  sweet.  It  shall  be  northern  grown  or  have  the  usual 
characteristics  thereof.  Tfie  maximum  quantity  offiddj  stacks  storagty  or  other  damaged 
seed  intermixed  shall  not  exceed  twelve  and  one-half  per  cent.  The  minimum  weight 
shall  be  fifty-one  (51)  pounds  to  the  measured  bushel.  ^ 

o  The  italics  in  the  above  rule  do  not  occur  in  the  original. 
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In  this  connection  it  is  interesting  to  look  at  the  rules  in  force  under 
the  Minnesota  system  of  grain  inspection  just  before  and  just  after  the 
publication  of  Mr.  Stevens's  report. 

From  Minnesota  Grades,  August  22,  1900: 

iVb.  1  Northwestern  flaxseed, — Flaxseed  that  is  choice  or  prime,  as  also  the  same 
modtraldy  intermixed  wUhfidd  damaged  seed,  dry,  sweet,  and  free  from  mustinesB,  and 
having  weight  of  not  less  than  fifty  pounds  to  the  measured  bushel  of  commercially 
pure  seed,  shall  be  No.  1  Northwestern  flaxseed.  <* 

From  Minnesota  Grades,  August  31,  1901: 

No,  1  Northwestern  flaxseed. — Flaxseed  to  grade  No.  1  Northwestern  shall  be  mar 
tore,  sound,  dr}%  and  sweet.  It  shall  be  northern  grown.  The  maximum  quantity  of 
field,  gtacky  storage^  or  other  damaged  seed  intermixed  shall  not  exceed  twelve  and  one-half 
(12})  per  cent.  The  minimum  weight  shall  be  fifty-one  (51)  pounds  to  the  measured 
bushel  of  commercially  pure  seed.  ^ 

The  investigations  which  have  been  made  by  the  Department  of 
Apiculture  during  the  year  past  give  good  reason  for  believing  that 
what  has  been  found  possible  in  flax  is  also  possible  for  the  cereal 
grains — corn,  wheat,  oats,  barley,  and  rye. 

It  must  be  distinctly  understood  that  the  methods  here  outlined  are 
not  intended  to  be  applied  to  every  car  or  cargo  of  grain  inspected. 
The  rapidity  with  which  the  grain  business  is  conducted  makes  it  im- 
practicable to  use  any  method  that  requires  any  considerable  time  for 
each  lot  of  grain.  These  methods,  however,  may  be  ased  as  a  check 
upon  the  work  of  the  deputy  inspectors,  to  educate  their  judgment,  to 
prevent  carelessness  or  dishonesty,  and  to  give  inspection  departments 
a  means  of  justifying  the  decisions  which  they  make. 

ESSEKTIAIi  EUSMEKTS  IK  QBADIKG  COBIT. 

In  grading  commercial  corn  there  are  two  classes  of  elements  to  be 
considered.  First,  those  which  indicate  condition — moisture,  percent- 
age of  moldy,  rotten,  or  otherwise  damaged  kernels,  and  percentage 
of  broken  grains,  dirt,  and  other  foreign  material;  and  second,  those 
which  indicate  quality — color,  plumpness,  relative  proportion  of 
starchy  to  hard  material,  and  relative  size  of  germ.  For  present  pur- 
poses there  are  four  elements  which  are  essential  in  determining  the 
grade  of  a  cargo  of  corn  and  which  may^  when  necessary,  be  measured 
with  reasonable  accuracy  and  speed.  These  are  (1)  the  moisture,  (2) 
the  percentage  of  colors  in  mixtures,  (3)  the  percentage  of  damaged 
grains,  and  (4)  the  percentage  of  broken  grains  and  dirt. 

The  relative  importance  of  these  elements  varies  under  different 
conditions  and  with  the  different  demands  which  the  grain  is  used  to 
supply.  It  is  not  to  be  understood  that  the  four  elements  mentioned 
are  all  that  should  be  considered  in  gi-ading  corn,  but  they  are  at  least 
important  and  of  such  a  nature  that  they  may  be  accurately  measured; 

aXh^  itt^iq?  in  the  i^bpy^  rulos  do  not  occur  in  the  originals. 
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and  having  these  four  generally  understood  there  is  available  a  basis 
for  uniformity  which  has  not  up  to  this  time  been  offered  to  the  trade. 

APPARATT78  BEaiTlBEB. 

The  apparatus  required  for  measuring  the  elements  mentioned 

above  is  as  follows,  the  prices  given  being  approximate: 

One  balance,  with  weights 133. 00 

One  copper  oven,  or  air-bath 12. 00 

One  centigrade  thermometer 1. 25 

One  gas  heater  « 1. 00 

One  metal  sieve,  with  top  and  bottom 2. 35 

One  coffee  or  spice  mill 1. 75 

One  set  of  aluminum  pans,  at  40  cents  each,  about 4. 80 

Miscellaneous  apparatus 1. 00 

Total  estimated  cost 57. 15 

The  balance  should  be  as  accurate  as  possible,  since  the  most  impor- 
tant part  of  the  work  depends  upon  results  obtained  by  its  use.  It 
should  be  sensitive  to  10  milligrams  or  less.  A  very  compact  and 
satisfactory  balance  is  shown  in  PI.  II,  fig.  2. 

The  oven  or  air-bath  (PI.  I)  is  simply  a  copper  box  covered  with 
asbestos,  having  a  large  door  and  with  two  holes  in  the  top,  throug'h 
one  of  which  the  thermometer  is  suspended.  The  bath  contains  a  shelf 
upon  which  the  pans  of  material  may  be  placed  during  the  drying 
operation.  When  an  electric  heater  is  used  it  may  be  placed  inside, 
under  the  shelf.  When  gas  is  used  the  heater  must  be  placed  under- 
neath the  bath,  where  it  is  protected  by  the  galvanized-iron  box  upon 
which  the  bath  rests. 

The  thermometer  is  suspended  through  one  of  the  holes  in  the  top 
of  the  bath  by  means  of  a  perforated  cork  in  such  a  way  that  it  may 
be  read  without  opening  the  door.  The  temperature  of  the  bath 
should  be  kept  at  about  102^  to  105^  C.  (216^  to  221°  F.).  This  tem- 
perature may  be  readily  controlled  without  any  automatic  device,  as 
the  operator  is  usuaUy  working  near  the  apparatus  and  can  give  it  his 
attention  at  any  time. 

When  only  electricity  is  conveniently  available,  a  small  electric 
heater  may  be  used.  The  amount  of  heat  may  be  controlled  by  means 
of  an  adjustable  resistance  coil  outside  of  the  air-bath.  This  electric 
heater  has  proved  very  satisfactory,  and  of  coui*se  claims  the  advan- 
tage of  less  danger  of  fire.  Wherever  gas  is  available,  however,  it 
may  be  desirable  to  use  it,  as  the  heat  thus  obtained  is  rather  cheaper 
and  is  somewhat  more  easily  regulated. 

The  sieve  used  for  determining  the  amount  of  bix)ken  material,  dirt, 
and  other  foreign  matter  is  a  plain  metal  sieve  having  5  strands  to 
the  inch.  In  other  words,  it  is  a  wire  screen  having  25  square  holes 
per  square  inch. 

<>An  electric  heater,  with  resistance  coil,  would  cost  about  $11,  bringing  the  total 
estimated  cost  up  to  $67.15. 
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The  mill  for  grinding  (PL  U,  fig.  1)  should  be  simple  and  strong 
and  easily  taken  apart  for  cleaning.  An  extra  set  of  burrs  is  also 
desirable,  so  that  in  case  several  samples  need  to  be  ground  in  close 
saccessiou  the  burrs  may  be  changed  before  they  have  warmed  enough 
to  beat  the  corn  passing  through. 

The  aluminum  pans  are  4  inches  in  diameter  and  about  1  inch  deep 
and  are  used  for  holding  the  samples  during  the  drying  and  weighii  g 
process. 

In  addition  to  the  apparatus  mentioned,  there  are  also  required  some 
few  additional  articles,  such  a^  a  brush,  forceps,  and  u  smooth  spoon 
or  spatula. 

METHODS  OF  DETSBMINATION. 

The  methods  of  determining  the  four  elements  mentioned  may  be 
briefly  described. 

MOISTURE. 

For  determining  the  moisture  a  small  sample  of  corn  should  be 
ground  into  a  coarse  meal.  If  the  corn  is  ground  too  tine  it  becomes 
heated  during  the  operation  and  there  is  a  consequent  and  irregular 
loss  of  moisture.  After  grinding  a  definite  quantity  of  the  sample,  it 
should  be  weighed  out  in  one  of  the  aluminum  pans.  The  larger  this 
quantity  the  less  the  percentage  of  error  in  weighing  is  likely  to  be. 
However,  for  quick  work  the  sample  must  not  be  too  large.  Twenty 
or  thirty  grams  has  been  found  a  convenient  amount  to  use.  This 
weighed  quantity,  which  for  convenience  in  reckoning  should  be  an 
even  weight,  either  20  or  30  grams,  is  then  placed  in  the  air-bath, 
which  has  been  previously  heated  to  about  102^  C.  (215^  F.).  This 
temperature  is  slightly  above  the  Ijoiling  point  of  water  and  will 
quickly  evaporate  the  moisture,  and  after  subsequent  weighing  the 
percentage  of  loss  may  be  determined.  Theoretically  the  sample 
should  be  dried  until  repeated  weighings  would  show  no  further 
decrease  in  weight,  but  for  practical  purposes,  where  the  clement  of 
time  required  for  making  these  determinations  is  important,  a  shorter 
time  will  suffice.  It  has  been  found  by  numerous  experiments  that 
the  amount  of  moisture  which  a  sample  of  coarsely  ground  meal  will 
give  up  during  two  hours'  drying  at  102^  to  105*^  C.  (215  ^  to  221^  F.) 
is  about  li  per  cent  less  than  the  total  amount  of  moisture  contained, 
550  that  for  commercial  purposes  two  hours'  drying  at  the  above  tem- 
perature will  yield  results  from  which  the  total  moisture  can  be  esti- 
mated with  sufficient  accuracy  for  general  work.  It  is  necessary, 
however,  to  extend  this  time  to  three  hours  on  days  when  the  atmos- 
phere is  especially  damp.  Whenever  immediate  results  are  not  abso- 
lutely necessary,  it  is  much  safer  and  more  satisfactory  to  dry  the 
sample  completely;  that  is,  to  dry  it  until  repeated  weighings  show  no 
further  loss.     This  commonly  requires  twelve  to  sixteen  hours.     After 
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the  samples  have  been  dried  they  should  be  weighed  again  with  all 
possible  speed,  as  the  meal  readily  absorbs  moisture  from  the  atmos- 
phere upon  being  removed  from  the  air-bath.  It  is  test  in  all  cases 
to  make  duplicate  moisture  determinations,  as  errors  are  likely  to  be 
made  by  even  the  most  ciiref ul  workman.  These  duplicates  should  be 
made  from  sepamte  grindings  of  different  portions  of  the  sample. 
Where  the  results  of  the  two  determinations  in  the  short-time  drving" 
differ  by  more  than  about  1  per  cent  a  third  determination  should  be 
made. 

C50L0R. 

The  percentage  of  color  may  be  determined  by  simply  counting  out 
the  number  of  kernels  of  each  color  in  a  fair  average  sample.  At 
least  600  kernels  should  be  used  as  a  basis  of  reckoning. 

DAMAGED   GRAINS. 

The  percentage  of  damaged  grains  is  determined  by  counting  out 
the  number  in  a  fair  average  sample  of  at  least  500  grains  and  reckon- 
ing the  percentage  of  the  number  present.  The  damaged  grain  is 
considered  to  include  all  cob-rotten,  bin-bunit,  moldy,  or  other vrise 
unsound  kernels. 

BROKEN   GRAINS   AND   DIRT. 

This  determination  should  be  made  on  the  basis  of  weights;  that 
is,  by  weighing  out  a  definite  quantity  of  corn  and  separating  b}' 
means  of  the  sieve  mentioned  above  and  by  subsequent  hand  picking, 
all  broken  grains,  meal,  dirt,  chaff,  and  foreign  material  of  whatever 
nature.  This  determination  should  be  made  on  a  reasonabl}^  large 
sample  of  corn — at  least  a  kilogram  (2.2  pounds).  Where  large 
scales  are  not  at  hand  it  is  sometimes  convenient  to  use  the  ordinary 
chondroraeter  or  brass  bucket  emplo^'ed  in  making  the  test  weight  per 
bushel  of  wheat,  and  the  siftings  and  pickings  may  be  weighed  on  the 
small  balance  used  for  the  moisture  work,  and  the  percentage  reckoned. 
The  5i-inch  chondrometer  holds  about  1,800  grams  (or  4  pounds)  of 
corn. 

CLASSES  AND   GBADES  OF   COBN. 

The  bulk  of  the  corn  crop  of  the  United  States  is  of  the  kind  known 
as  dent  corn.  The  grain  trade  recognizes  three  distinct  classes  of  this 
kind  of  corn,  based  on  color.  There  are,  of  course,  other  colors  of  dent 
corn,  but  practically  all  commercial  corn  may  be  classified  into  "yel- 
low corn,"  ''white  corn,"  and  "mixed  corn."  There  is  not  at  present 
any  great  degree  of  uniformity  as  to  what  shall  constitute  the  color 
limits  of  these  classes,  but  the  general  opinion  seems  to  be  that  the 
following  would  be  satisfactory: 

1.  Yellow  corn;  at  least  95  per  cent  yellow. 

2.  White  corn;  at  lea«t  98  per  cent  white. 

3.  Mixed  corn;  all  corn  not  included  above. 


CLASSIFICATION   OF    GRADES. 
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Of  each  of  these  three  classes  of  com  there  are  generally  made  four 
grade  divisions,  numbered  one,  two,  three,  and  four,  with  the  addi- 
tion of  a  ^rade  known  as  "Rejected,"  or  ''No  grade."  These  grades 
are  theoretically  made  on  the  basis  of  considering  No.  1  as  perfectly 
sound,  perfectly  clean,  and  dry  enough  to  carry  or  store  for  an  indefi- 
nite time.  As  a  matter  of  fact,  the  grade  No.  1  is  seldom  or  never  used 
$»  a  commercial  grade  of  corn.  The  grade  No.  2  is  generally  allowed 
to  contain  a  small  amount  of  broken  grains  and  foreign  material  and  a 
few  damaged  grains,  No.  3  a  slightly  increased  amount.  No.  4  a  still 
larger  amount,  and  the  name  "  rejected  "  or  ''  no  grade  "  is  applied  to 
such  corn  as  is  unfit  by  reason  of  excessive  moisture,  dirt,  or  damage, 
to  be  admitted  into  the  numbered  grades. 

The  indefinitene^ss  of  the  rules  governing  grades  has  made  it  difficult 
to  compare  grade  requirements  of  different  markets,  and  any  changes 
found  desirable  from  year  to  year  for  different  conditions  of  weather 
and  general  quality  have  been  made  by  different  interpretations  of  the 
rales  rather  than  by  definite  changes  in  the  rules  themselves.  If, 
however,  the  methods  outlined  herewith  are  put  into  practice  it 
would  be  possible  to  so  state  the  grade  requirements  that  they  may  be 
comprehended  at  a  glance.  For  this  purpose  it  is  convenient  to  use 
a  tabular  statement  like  the  following  for  showing  the  grade  limits. 
This  tabular  statement  is  merely  a  way  of  showing  in  a  condensed  form 
the  grade  rules  of  a  certain  market  for  a  certain  year,  that  they  may 
be  readily  comprehended  and  market  standards  compared.  Assuming 
that  the  trade  organization  of  a  market  adopts  fixed  limits  for  the 
grades  recognized  by  it  and  publishes  these  limits  in  the  ordinary  rules 
for  grades,  these  rules  could  be  shown  in  a  tabular  statement  something 
like  the  following: 

DENT   CORN. 
Three  classes: 

1.  Yellow  corn;  at  least  95  per  cent  yellow. 

2.  White  com;  at  least  98  per  cent  white. 

3.  Mixed  com;  all  com  not  included  above. 


YELIX)W   CORN. 


Maximum  limiUi  of— 

Grade  No. 

Per  cent  of  moisture. 

Per  cent 
damaged. 

Per  cent  of 

dirt  and 

broken 

grains. 

Nov.-Mar. 

13 
15 
17 
19 

Apr.-Oct. 

1 

12 
14 
16 
18 

0 

1 
3 
6 

0 
2 
3 
5 

2 

3 

4 

A  similar  table  might  be  made  for  each  of  the  other  classes  of  com, 
providing  different  percentages  were  used. 
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It  should  be  distinctly  understood  that  the  grade  limits  in  the  above 
table  are  given  merely  for  the  purpose  of  illustrating  its  use.  Just 
what  these  standards  should  be  must  be  determined  to  suit  local  con- 
ditions or  to  suit  the  requirements  of  each  market  or  series  of  markets 
handling  the  same  sort  of  grain,  and  they  could  be  changed  from  year 
to  year  as  occasion  required. 

INSPECTION  CEBTOTCATES. 

It  is  difficult  to  fix  the  grade  limitations  in  a  way  to  do  full  justice 
to  all  cargoes  graded.  Were  it  possible  to  assign  definite  relative 
values  to  each  measured  element  a  score  card  could  be  made  by  which 
the  cargoes  could  be  rated,  but  the  variety  of  uses  to  which  any  grain 
is  put,  results  in  a  sliding  scale  of  relative  values,  which  renders  the 
use  of  ageneml  score  card  impossible.  Definite  grade  limitations  are 
absolutely  necessary  to  secure  uniform  results.  To  compensate  to 
some  extent  the  injustice  sometimes  done  by  drawing  sharp  grade 
lines,  it  would  seem  desirable  to  have  the  inspection  certificates  show 
something  more  than  the  grade  actually  given  to  any  cargo  of  grain. 

Such  a  certificate  could  show,  in  addition  to  the  class  and  grade 
number  of  the  cargo,  its  approximate  condition  as  to  moisture,  dam> 
aged  grain,  broken  grains,  and,  in  case  of  mixture,  the  proportion  of 
the  colors  present.  A  certificate  of  this  kind  would  enable  the  pros- 
pective purchaser  to  select,  in  buying  cargoes  of  grain,  those  which  he 
could  mix  to  advantage  to  secure  certain  results,  or  a  seller  might  use 
such  a  certificate  in  placing  his  grain  to  advantage  with  customers 
having  particular  needs  or  special  facilities  for  remedying  certain 
defects.  These  certificates  would  in  no  way  interfere  with  the  main- 
tenance  of  the  present  contract  grades  and  might  be  of  considerable 
assistance  in  dispensing  with  sample  dealing. 

THE  CAUSE  OF  DETEBIORATION. 

With  the  exception  of  the  rather  infrequent  eases  of  insect  damage 
of  one  sort  or  another,  the  one  cause  of  the  deterioration  of  corn  in 
transit  and  storage  in  this  country  is  excessive  moisture. 

Com  matures  so  late  in  the  season  over  most  of  the  area  that  pro- 
duces a  sui-plus,  that  there  is  not  sufficient  warm,  dry  weather  to  prop- 
erly cure  it,  and  the  bulk  of  the  crop  usually  goes  into  the  crib  damp 
and  cold. 

If  it  is  shelled  in  this  condition  and  put  into  store  in  large  bins  the 
grain  has  almost  no  opportunit}^  to  dry  out  properly.  As  long  as  the 
cold  weather  lasts  the  damage  is  slight,  unless  fermentation  is  acci- 
dentally started  or  the  grain  is  unusually  damp,  but  with  the  warm 
weather  of  spring  the  trouble  begins.  In  the  commercial  world  this 
trying  time  is  known  as  the  "  germinating  season.''  As  a  matter  of 
fact,  there  is  little  or  no  actual  germination  of  the  stored  corn  at  this 
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time.  It  rarely  develops  as  far  as  that.  Some  fermentative  action 
takes  place,  equivalent  to  the  preliminary  stages  of  germination,  but 
this  usually  results  in  stored  grain  in  the  development  of  sufficient 
heat  to  kill  the  germ. 

Under  ordinary  conditions  com  containing  not  more  than  12  to  13 
per  cent  of  moisture  at  the  beginning  of  the  warm  weather  following 
its  maturity  will  carry  or  store  safely,  but  new  corn,  that  is,  com  soon 
after  maturity,  frequently  contains  20  to  22  per  cent  of  moisture,  and 
if  not  given  opportunity  to  dry  out  during  the  winter,  trouble  will 
result  when  warm  weather  comes  and  induces  fermentation. 

When  com  is  left  on  the  cob  until  the  late  winter  or  spring  follow- 
ing its  maturity,  and  is  stored  meanwhile  in  well-ventilated  cribs,  it 
will  in  most  cases  dry  out  sufficiently.  But  where  earlier  marketing 
is  necessary  other  ways  of  curing  must  be  had  if  the  corn  is  to  be 
carried  safely  through  the  spring  season. 

There  are  three  things  essential  to  germination  or  the  fermentation 
which  precedes  it — air,  warmth,  and  moisture.  Without  all  of  these 
it  can  not  go  on. 

The  moisture  is  the  one  of  these  easiest  to  control  or  to  remove  when 
it  is  present  in  dangerous  excess.  Therefore  when  the  temperature  is 
nearing  the  line  where  the  other  two  elements  may  result  in  damage 
the  moisture  must  be  removed.  Modern  grain  stoi'ehouses  are  so  con- 
structed that  grain  may  be  moved  from  one  bin  to  another  by  means  of 
transfer  belts  and  elevators  and  given  a  chance  to  air  diy  during  the 
moving  process.  This  process  is  called  "running,"  and  is  frequently 
used  to  keep  grain  from  going  out  of  condition. 

In  the  case  of  com,  however,  this  treatment  if  used  too  frequently 
results  in  breaking  many  of  the  kernels  and,  therefore,  damaging  the 
lot  to  some  extent;  and  the  operation  is  also  somewhat  expensive 
where  large  quantities  must  be  so  treated.  Within  recent  3'ears  com- 
mercial driers  of  one  sort  or  another  have  been  installed  in  some  of 
the  large  warehouses.  These  driers  all  depend  on  the  same  principle — 
that  is,  that  an  increase  in  temperature  increases  the  water-holding 
capacity  of  the  air.  In  all  of  them  heated  air  is  passed  through  the 
com  until  the  superfluous  moisture  is  removed.  This  process  is 
known  as  kiln  drying.  It  is  in  disfavor  with  some  persons  in  the 
trade,  who  claim  that  the  heat  injures  the  corn  for  manufacturing  pur- 
poses, and,  further,  that  the  damage  by  cracking  and  breaking  in 
subsequent  handling  of  kiln-dried  corn  is  considerable. 

There  is  apparently  good  reason  for  some  of  the  disfavor  in  which 
the  general  practice  is  held,  because  there  has  been  a  tendency  on  the 
part  of  the  managers  of  these  driers  to  work  on  badly  damaged  lots 
of  grain  and  mix  the  product  with  better  grades. 

So  far  as  may  be  determined  at  present,  the  drying  of  corn  at 
a  moderate  temperature  can  be  only  a  beneficial  operation.    If  for 
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certain  purposes  of  manufacture  the  high  temperatures  ordinarily  used 
have  harmful  results,  it  is  quite  practicable  to  use  lower  temperatures 
for  longer  periods  or  to  carry  the  principle  already  used  still  farther 
and  cool  the  air  used  for  drj'^ing  to  a  low  temperature  to  precipitate 
the  excess  of  moisture  it  contains  and  subsequently  warm  it  up  enough 
to  make  it  absorb  the  excess  moisture  of  the  corn. 

However  it  may  be  done,  it  is  evident  that  artificial  drying  of  some 
kind  will  inevitably  be  more  generally  used  to  prevent  the  enormous 
losses  now  resulting  from  the  excess  moisture  in  corn. 

LOCAIi  AND  SPECIAL   GRADES. 

The  development  of  commercial  driers  for  corn  and  the  specialization 
in  manufacturing  cereal  products  suggests  the  advisability  of  keeping 
in  view  the  possible  establishment  of  additional  grades  for  local  and 
special  purposes  as  needs  for  them  arise.  This  is  particularly  imj>or- 
tant  in  view  of  the  remarkable  work  which  has  been  done  in  improv- 
ing varieties  of  corn,  not  only  in  increasing  the  yield  per  acre,  but  also 
in  improving  the  quality;  in  other  words,  increasing  the  percentage  of 
certain  desirable  constituents.  The  work  that  has  been  done  in  breed- 
ing varieties  of  corn  which  have  a  high  percentage  of  oil  and  others 
with  a  low  percentage  of  oil,  and  varieties  with  a  high  percentage  of 
protein,  and  others  with  a  high  percentage  of  starch,  which  means  a 
low  percentage  of  protein,  ciills  attention  to  the  fact  that  it  should  be 
possible  for  the  growers  of  these  improved  varieties  to  get  them  to 
those  consumers  who  are  willing  to  pay  prices  above  the  ordinary  for 
these  extraordinary  qualities.  It  should  be  the  function  of  the  grain 
inspector  to  be  able  to  recognize  these  special  classes  and  to  grade  the 
grain  accordingly. 

It  has  been  shown  by  Professor  Hopkins,  of  the  Univei'sity  of  Illi- 
nois, tliat  it  is  possible  to  judge  b}^  o})servation  with  reasona))le  accu- 
racy the  merits  of  different  lots  of  corn  as  to  the  amount  of  protein  and 
oil  which  thev  contain.  He  has  shown  that,  since  the  oil  of  com  is 
found  almost  entirely  in  the  germ,  the  relative  size  of  the  germ  gives 
a  fair  indication  of  the  oil  content  of  the  grain.  Likewise  in  the  mat- 
ter of  protein  content,  the  hard  portion  of  the  corn  kernel,  that  is,  the 
somewhat  translucent  portion  outside  the  germ,  contains  practical^  all 
the  protein  except  the  small  amount  in  the  germ.  Therefore,  the 
larger  the  proportion  of  this  hard  part  of  the  corn  kernel  the  larger 
the  percentage  of  protein  and  consequently  the  smaller  the  percentage 
of  starch.  Manufacturers  of  corn  grits  and  meal,  where  a  granular 
product  is  desired,  find  that  there  is  considerable  variation  in  the  relative 
yields  of  these  products  from  different  sorts  of  corn. 

In  PI.  Ill  is  shown  the  striking  difference  that  may  be  seen  in  dif- 
ferent kernels  of  corn  as  to  the  proportion  of  the  hard  and  starchy 
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portions  of  the  grain.  Other  things  being  equal,  the  yield  of  grits  or 
^nular  meal  is  larger  from  corn  having  the  larger  proportion  of  this 
hard  material. 

Com  breeders  and  progressive  farniei*8  are  rapidly  appreciating  the 
importaniH?  of  breeding  special  varieties  of  corn  for  special  purposes, 
and  it  is  prolvable  that  in  the  near  future  certain  varieties  of  corn  from 
certain  localities  will  be  quite  as  distinctly  recognized  as  being  rich  in 
specific  merchantable  qualities  as  is  now  the  case  in  such  varieties  of 
wheat  as  the  Fife,  the  Little  May,  or  the  Meditermnean.  This  will 
naturally  lead  to  a  more  logical  classifi<*ation  of  connnercial  corn  on 
the  basis  of  varieties  or  groups  of  similar  varieties,  and  those  classes 
may  then  be  divided  into  grades,  as  at  present.  Such  a  classification 
would  in  no  way  conflict  with  the  present  methods  of  conmiercial  deal- 
ing, since  the  trade  organization  of  a  market  could  deteniiine  what 
grades  could  be  delivered  on  contract  just  as  is  done  at  present. 

The  greatest  need  of  the  grain  trade  now,  however,  is  the  installa- 
tion of  an  accurate  method  of  determining  grades  in  all  cases  of  doubt 
and  for  the  education  of  the  judgment  of  the  grain  inspectors  and  the 
consequent  uniformity  of  the  work  of  inspection  departments. 


DESGBIFTIOK  OF  PLATES. 

Plate  I.  Air-bath  used  for  determining  the  amount  of  moisture  in  a  sample  of  com, 
with  aluminum  pans  and  electric  heater  inside.  A  piece  of  asbestos  is  placed 
over  the  heater  to  distribute  the  heat  more  evenly  to  the  pans.  The  forceps 
shown  below  are  for  transferring  the  pans  to  and  from  the  bath  to  avoid  the 
possible  error  consequent  on  touching  them  with  moist  hands. 

Plate  II.  Fig.  1. — Mill  for  grinding  com  samples,  with  extra  set  of  burrs  and  brush 
for  cleaning  mill  after  each  grinding.  This  mill  may  be  clamped  to  the  edge  of 
a  table  and  is  simple  and  strong.  It  may  be  easily  taken  apart  for  cleaning  or 
changing  the  burrs.  Fig.  2. — Balance  used  for  weighing  com  samples.  This 
balance  is  surrounded  by  a  metal  frame  set  with  plate  glass,  and  is  provided 
with  a  sliding  weight  on  a  fixed  scale,  so  that  the  weighing  may  be  done  rapidly. 

Plate  III.  Kernels  of  corn  shown  in  longitudinal  and  cross  section.  Magnified  six 
times.  These  kernels  show  rather  extreme  variations  in  texture.  The  two  ker- 
nels at  the  left  of  the  picture  show  a  high  proportion  of  the  hard  or  translucent 
substance  of  the  kernel  outside  the  germ,  which  has  been  shown  by  Professor 
Hopkins,  of  the  Illinois  State  Experiment  Station,  to  be  directly  correlated  with 
high  protein  content.  The  kernels  on  the  right  show  a  relatively  small  amount 
of  this  hard  substance,  and  are  consequently  of  the  type  which  is  low  in  protein 
and  therefore  rich  in  starch.  For  processes  of  manufacture  of  com  where  a 
granular  product  is  desired  the  type  of  corn  shown  on  the  left  is  much  preferred, 
while  for  starch  manufacture  the  type  shown  on  the  right  of  the  picture  is  more 
desirable.  In  the  same  way  the  relative  size  of  the  germ  of  the  com  kernel 
indicates  the  percentage  of  oil  contained,  since  practically  all  the  oil  of  the  com 
kernel  is  found  in  the  germ. 

Plate  IV.  Kernels  of  com  showing  various  kinds  of  damage,  and  sound  kernels 
shown  for  comparison.  Twice  natural  size.  The  upper  three  rows  are  of  ker- 
nels showing  the  various  mold  growths  commonly  found  on  damaged  com. 
These  molds  develop  only  on  excessively  moist  com  and  are  much  more  iikely 
to  occur  when  there  is  a  deposit  of  fine  meal  or  dirt  in  the  germ  indentation. 
This  deposit  offers  a  good  culture  medium  for  the  development  of  the  molds, 
and  in  a  majority  of  cases  the  damage  starts  at  that  point.  Perfectly  clean  com 
will  carry  or  store  much  more  safely  than  dirty  com  having  the  same  amount  of 
moisture. 
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Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  *' Three 
5Jew  Plant  Introductions  from  Japan,"  and  respectfully  recommend 
that  it  be  published  as  Bulletin  No.  42  of  this  Bureau. 

This  paper  was  prepared  by  Mr.  D.  G.  Fairchild,  Agricultural 
Explorer,  who  has  been  detailed  by  you  to  accompany  Mr,  Barbour 
Lathrop  on  his  expeditions  in  search  of  valuable  seeds  and  plants,  and 
it  has  been  submitted  by  the  Botanist  in  Charge  of  Seed  and  Plant 
Introduction  and  Distribution,  with  a  view  to  publication. 

The  six  full-page  half-tone  illustrations  are  an  essential  part  of  the 
paper. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 


PREFACE. 


As  a  result  of  his  observations  on  the  agriculture  of  Japan,  Mr. 
D.  G.  Faircbild  has  contributed  several  papers  designed  to  interest 
Americ*an  cultivators  in  new  crops.  Three  of  these  papers  are  pub- 
lished in  (his  Bulletin.  One  on  a  Japanese  paper  plant  calls  the  atten- 
tion of  farmei-s  in  the  mild  and  humid  regions  of  the  United  States  to 
a  possible  new  industry,  while  those  on  the  udo  and  on  the  Japanese 
horse-radish  will  doubtless  prove  of  interest  both  to  market  gardeners 
and  amateurs  who  take  pleasure  in  cultivating  the  best  vegetables. 

The  plants  and  seeds  received  from  Mr.  Lathrop,  through  Mr.  Fair- 
child.,  have  been  placed  for  trial  with  reliable  horticulturists,  and  the 
results  of  these  tests  will  enable  us  in  the  course  of  time  to  report 
more  fully  regarding  the  adaptability  of  these  plants  to  our  conditions. 

A.  J.  PlETERS, 

Botunist  m  Charge. 

Office  op  Botanist  in  Charge  of  Seed 

AND  Plant  Introduction  and  Distribution, 

Washington^  D.  C. ,  May  8^  1903. 
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of  udo  more  than  2  feet  long,  taken  from  the  forcing  bed  in  May. .        24 

VI.  Fig.  1. — Young  wasabi  plants  ready  to  set  out.     Fig.  2. — A  patch  of 

wasabi  on  a  hillside 24 

8 


B.  P.  1.^56.  8.  P.  I.  D.--32, 

IIREE  NEW  PLANT  INTRODUCTIONS  FROM  JAPAN. 


MIT8TJMATA,  A  JAPAHESE  PAPEB  PLAVT. 

INTBODUOTIOK. 

The  facts  for  this  paper  were  collected  during  a  four  months'  stay 
in  Japan,  and  represent  work  accomplished  by  Mr.  Barbour  Lathrop's 
tiiird  expedition  in  search  of  valuable  seeds  and  plants. 

It  is  hoped  that  the  introduction  of  this  new  Japanese  paper  plant 
and  its  ultimate  culture  in  the  warmer  parts  of  the  United  States  will 
be  encouraged  by  this  brief  account  of  its  cultivation  in  Japan,  for 
the  production  of  any  of  the  Japanese  bark  papers,  which  are  for 
BJ^ny  purposes  much  superior  to  our  own,  will  be  a  material  addition 
to  the  wealth  of  the  country  and  give  the  cultivators  of  the  South  a 
new  crop  of  value. 

Japanese  napkins,  umbrellas,  and  lanterns  have  taught  the  Occi- 
dentals new  uses  of  paper,  though  the  lesson  has  been  but  half 
learned. 

The  papers  employed  by  the  conomon  people  of  Japan  are  immeas- 
\iTably  more  varied  than  with  us.  They  form  one  of  the  important 
economies  in  the  life  of  the  peasant,  and  it  is  such  ingenious  uses  of 
plant  material  as  this  employment  of  the  bark  of  a  shrub  that  makes 
It  possible  for  42,000,000  Japanese  to  live  on  the  productions  of  a  cul- 
tivated area  about  one-third  the  size  of  the  State  of  Illinois. 

The  walls  of  the  Japanese  houses  are  wooden  frames  covered  with 
^in  paper  which  keeps  out  the  wind  but  lets  in  the  light,  and  when 
one  compares  these  paper- walled  *'doll  houses"  with  the  gloomy  bam- 
W  cabins  of  the  inhabitants  of  the  island  of  Java,  or  the  small- 
windowed  huts  of  our  forefathers,  he  realizes  that,  without  glass  and 
i»  a  miny  climate,  these  ingenious  people  have  solved  in  a  remarkable 
way  the  problem  of  lighting  their  dwellings  and,  at  least  in  a  meas- 
ure, of  keeping  out  the  cold. 

Their  oiled  papers  are  another  important  element  in  the  peasant  life 
of  the  Japanese,  and  are  astonishingly  cheap  and  durable.  As  a  cover 
^or  his  load  of  tea  when  a  i*ain  storm  overtakes  him,  the  Japanese 
fenner  spreads  over  it  a  tough,  pliable  cover  of  oiled  paper,  which  is 
^ost  as  impervious  as  tarpaulin  and  as  light  as  gossamer.     He  has 
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doubtless  carried  this  cover  for  years,  neatly  packed  away  somewhere 
about  his  cart.  The  ''rikisha"  coolies  in  the  large  cities  wear  rain 
mantles  of  this  oiled  paper  which  cost  less  than  18  cents  and  last  for 
a  year  or  more  with  constant  use. 

An  oiled  tissue  paper,  which  is  as  tough  as  writing  paper,  can  be 
had  at  the  stationers  for  wrapping  up  delicate  articles.  Every  farm- 
house has  its  stock  of  wrapping  paper  which  has  been  in  use  for  several 
years  and  seems  as  strong  and  flexible  as  ever.  It  has  been  tanned 
with  the  fermented  juice  of  green  persimmons  and  made  into  "shibu 
gami,"  which  is  more  impervious  to  moisture  than  ordinary  paper  and 
much  tougher. 

In  the  tea  factories,  the  piles  of  paper  sacks  filled  with  tea  are  made 
of  shibu  gami,  and  8-year-old  sacks  covered  with  paper  patches  are  a 
common  sight.  It  is  said  that  these  tanned  sacks  keep  the  tea  in  better 
condition  than  any  other  sort,  and  that  they  last  with  careful  use  for 
many  years.  Grain  and  meal  sacks  are  almost  always  made  of  this 
same  paper  in  Japan,  for  it  is  not  easily  penetrated  by  weevils  and 
other  insects. 

But  perhaps  the  most  remarkable  of  all  the  papers  which  find  a 
common  use  in  the  Japanese  household  are  the  leather  papers  of  which 
the  tobacco  pouches  and  pipe  cases  are  made.  They  are  almost  as 
tough  as  French  kid,  so  translucent  that  one  can  nearly  see  throug-h 
them,  and  as  pliable  and  soft  as  calfskin.  These  tobacco  pouches  quite 
change  one's  notions  of  the  characteristics  of  paper,  for  the  material  of 
which  they  are  made  is  as  thick  as  cardboard,  but  as  flexible  as  kid. 
Even  woven  fabrics  of  which  the  warp  is  paper  and  the  woof  cotton 
are  manufactured,  and  these  find  a  place  in  the  Japanese  household, 
while  the  use  of  paper  napkins  and  handkerchiefs,  umbrellas,  and 
lanterns  is  as  much  a  paii  of  home  life  in  Japan  a^r  the  use  of  cheap  tin 
articles  is  in  America.  The  country  is  rich  in  the  possession  of  these 
conveniences,  any  one  of  which  would  be  an  addition  to  the  comfort  of 
a  European  peasant  or  an  American  farmer.  But  the  reason  for  this 
remarkable  use  of  paper  articles  does  not  lie  wholly  in  the  absence  of 
cheap  skins,  though  it  is  true  that  few  domesticated  leather-producing 
animals  exist  in  Japan.  The  quality  of  the  papers  themselves  makes 
them  suitable,  as  ours  are  not,  to  these  various  purposes. 

In  strong  contrast  with  those  of  the  Occident,  these  are  bast  papers, 
made  from  the  inner  bark  of  shrubs  or  small  trees,  while  the  papers 
of  Europe  and  America  are  either  from  wood  pulp,  the  macerated 
stems  of  wild  grasses,  or  the  cotton  and  linen  rags  of  the  ash  barrels. 
It  is  not  a  pleasant  thought  that  the  brilliant  white  note  paper  which 
your  hand  rests  upon  may  have  in  it  the  fibers  from  the  filthy  garment 
of  some  Egyptian  fellah  after  it  has  passed  through  all  the  stages  of 
decay  until  it  is  saved  b}''  a  ragpicker  from  the  gutter  of  an  Egyptian 
town;  and  yet  it  is  a  fact  that  hundreds  of  tons  of  Egyptian  rags  are 
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exported  every  year  into  America  to  supply  our  paper  mills.  At 
Mannheim  on  the  Rhine  the  American  importers  have  their  rag- 
pfeking  bouses,  where  the  rags  are  collected  from  all  over  Europe,  the 
disease-infected  Levant  not  excepted,  and  where  women  and  children, 
too  poor  to  earn  a  better  living,  work  day  after  day,  with  wet  apongeai 
tied  over  their  mouths,  sorting  these  filthy  scraps  for  shipment  to  New 
York.  Our  best  papers  are  made  of  these  rags  and  our  common  ones 
of  wood  pulp,  which  is  obtained  by  grinding  and  macerating  huge 
bloi'ks  from  some  of  our  soft- wooded  forest  trees.  The  bast  papers, 
therefore,  are  a  creation  of  the  Orient  and  are  more  nearly  related  to 
the  South  Sea  Island  tapa  than  to  any  of  our  products. 

To  the  fact  that  the}^  are  made  from  bark  they  owe  their  pe<'uliar 
character.  They  are  as  a  rule  softer,  silkier,  tougher,  and  lighter  than 
our  papers.  If  wet,  they  lose  their  strength,  like  tissue  paper,  but 
CD  drying  regain  it.  They  are  usually  absorbent,  and  for  this  rea- 
son were  considered  in  the  olden  days  as  very  valuable  in  surgery. 
Whether  or  not  the  methods  employed  in  their  manufacture  are 
responsible  for  the  yellow  tinge  which  they  always  have  is  a  que7<tion 
for  investigation.  As  writing  papers  they  are  designed  for  bnish 
work^  and  as  a  rule  are  not  suited  without  treatment  for  pen  work, 
because  the  fibers  in  them  are  so  long  that  they  are  continually  getting 
<»ught  in  the  nibs.  This  difficulty,  however,  is  obviated  by  a  dre-v^ing 
of  alum. 

SPECIES  OF  PAFEB  PLAHT8  DT  JAPAV. 

According  to  the  Japanese  writers,  there  are  at  least  nine  plants 
from  which  papers  are  made  in  Japan,  each  species  furnishing  a 
different  variety  of  product.  Two  are  species  of  the  paper  nmU^erry 
(BroussofU'tm)^  one  the  white  mulberr}'  (Moras  a/f/^i\  another  a  sprnies 
of  Daphne  (Z>.  pseudo-mezereum  Gray),  three  are  wild  fomw  of  a 
small  tree  (  WicJcstrceraut)^  and  one,  the  Eihjt'^rorthla  pfipyrtf*fra^  fur- 
nishes the  pulp  for  the  mitsumata  paper,  of  which  we  import  large 
quantities  every  year,  especially  for  ase  as  legal  documents,  diplomas, 
deeds,  bonds,  etc. 

The  main  object  of  the  writer  is  to  give  a  de*<cription  of  the  mit-su- 
ttiata  plant  and  its  culture,  with  the  purpose  of  interesting  Americans 
in  the  question  of  its  cultivation  and  the  manufacture  of  the  extremely 
useful  papers  which  can  be  produced  from  its  bark  and  which  deserve 
to  be  widely  known  throughout  America. 

THE  MITBUMATA  PLAHT. 

Edgeworthia  papyf^fera  S.  &  Z.  is  the  botanical  name  of  the  mitsu- 
Qiata  paper  plant,  and  the  systematists  place  it,  along  with  the  Daphne, 
among  a  number  of  forms  with  lace-like  bark,  in  the  order  Thyrrulieex, 
It  is  a  pretty,  decorative  shrub,  with  characteristically  branching 
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stemfl,  broad,  light-^een  leaves,  and  delicate  yellow  flowers  which 
borne  in  heads.     Its  forks  are  always  composed  of  three  brancbes 
instead  of  two,  as  is  common  with  other  shrubs,  and  this  character 
alone  distin^ishes  it  from  any  common  shrub  in  cultivation.     It  is 
sometimes  grown  in  Japan  for  its  decorative  yellow  flowers  alone. 
The  Marquis  Matsudaira,  formerly  one  of  the  feudal  lords  of  the 
country,  has  it  planted  inside  his  castle  walls  at  Fukuias  ah  ornameata*! 
plant.     Scarcely  over  5  feet  high,  it  has,  as  a  result  of  its  pecuUai* 
branching  habit,  a  characteristic  vase  form.     (Pis.  I  and  II,  fig.  2.} 
Owing  to  the  fact  that  in  the  cultivation  of  the  plant  it  is  continually 
pollarded  near  the  surface  of  the  ground,  it  is  diflScult  to  say  what  tlie 
plant  would  grow  into  if  left  to  itself.     The  light,  brownish-gray 
bark  is  thick  and  lace-like  as  a  piece  of  tapa,  and  one  can  easily  spread 
a  bit  of  it  out  with  the  fingers  into  a  web-like,  rough  fabric.     The 
small  fruits  are  borne  in  clusters  and  are  about  a  quarter  of  an  inch 
long.     Each  fruit  contains,  inside  the  thin  layer  of  flesh,  a  shiny  black , 
sharp-pointed  seed,  with  a  thin  shell  and  milk-white  contents. 

In  the  provinces  of  Shizuoka,  Nogano,  and  Fattori  are  quite  exten- 
sive plantations  of  mitsumata,  and  it  is  said  that  the  areas  under 
cultivation  are  steadily  increasing.  As  a  rule,  the  plantations  occupy 
land  which  is  not  fit  for  rice  growing,  such  as  hillsides  too  steep  for 
terracing  and  valleys  too  narrow  to  make  rice  culture  practicable. 

Red  or  yellow  clay  of  volcanic  origin,  mixed  often  with  rocks  and 
coarse  gravel,  seems  to  suit  the  plant  admirably.  The  hillside  planta- 
tions sometimes  reach  to  the  line  of  newly  cut  cryptomeria  forest,  and 
even  cover  the  tops  of  the  hills  from  which,  many  years  before,  the 
timber  had  all  been  cut.  Good  drainage  seems  to  be  one  necessary 
requisite  to  the  growth  of  the  plant  in  the  wet  climate  of  Japan,  but  its 
culture  between  the  rice  fields  proves  that  it  can  stand  heavy  irrigation, 
though  a  plant  not  well  suited  to  withstand  drought. 

THE  CULTIVATION  OF  MITSUMATA. 

Early  in  June,  in  Japan,  children  not  over  8  or  9  years  old  are  sent 
through  the  plantations  with  baskets  to  pick  the  ripe  fruits  of  the 
mitsumata.  The  plants  produce  seed  sparingly,  it  is  said,  so  that  the 
work  of  collection  is  much  like  picking  wild  blackberries  or  straw- 
berries in  America,  but  it  is  far  more  irksome  for  the  children,  for 
instead  of  being  palatable  the  thin-shelled  seeds  contain  an  exceedingly 
acrid  endosperm. 

The  seeds,  with  their  thin,  green  flesh,  are  spread  out  to  weather 
until  the  latter  has  rotted  away,  leaving  the  black  seeds,  which  are 
packed  in  a  sack  made  from  the  double  sheath  of  the  native  palm. 
The  meshes  of  this  natural  sack  are  fine  enough  to  prevent  the  seeds 
from  falling  out  and  still  allow  the  air  and  moisture  to  enter.  In  this 
form  they  are  buried  in  a  hole  in  the  ground  under  the  shelter  of  an 
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overhaDging  roof  or  are  stored  in  some  outbuilding  and  kept  until 
planting  time  the  following  February.  The  price  of  this  seed  varies 
greatly;  from  30  cents  to  $1.50  a  gallon  was  the  range  quoted  the 
writer  by  the  peasants. 

In  the  middle  or  toward  the  last  of  February  the  seed  bed  is  pre- 
pared and  the  seeds  are  planted  in  rows  a  foot  or  so  apart,  where  they 
are  given  the  usual  care  of  weeding  and  cultivation  which  all  seedlings 
require,  and  where  they  remain  for  one  year,  or  until  8  or  9  inches 
high.  These  young  plants  are  then  set  out  on  the  hillsides^  after  the 
ground  has  been  prepared  for  their  reception  by  working  it  over  with 
a  mattock  or  fork.  They  are  put  in  at  the  rate  of  20,000  to  24,000  to 
the  acre,  or  about  a  foot  and  a  half  apart  each  way.  On  the  hillside 
plantations  shelter  trees  of  a  species  of  alder  {Abius  marith/ui  var. 
japontca)  are  planted  20  to  30  feet  apart.  The  roots  of  these  trees  are 
said  to  help  bind  the  loose  soil,  the  dead  leaves  form  a  mulch,  and  the 
branches  form  a  wind-break,  preventing  the  winds  from  whipping  the 
young  shoots  of  the  mitsumata  plants.  Two  or  three  cultivations  a 
year  are  given  to  keep  down  the  weeds  and  loosen  the  soil,  and  by  the 
eod  of  the  fii-st  year  after  transplanting  the  harvest  of  bark  is  ready. 

The  harvesting  is  done  any  time  in  the  winter  and  consists  merely  in 
cutting  the  plants  down  to  the  ground  by  means  of  a  heavy  knife, 
binding  them  into  bundles,  and  transporting  them  to  the  farmhouse. 
Though  the  tops  are  cut  down  every  other  winter,  the  roots  of  the 
mitsumata  plants  remain  alive  for  many  years — roots  a  hundred  years 
old  are  known,  it  is  said — but  for  commercial  purposes  the  stumps  of 
the  plant  cease  to  produce  profitable  crops  of  new  shoots  after  ten  or 
twelve  yearl,  when  they  are  dug  out  and  young  plants  are  set  in  their 
places.  It  requires  two  years  for  an  old  stump  to  produce  a  market- 
able bush,  and  many  of  the  plants  are  evidently  allowed  three  or  four 
years  to  grow  before  being  cut  down  again. 

The  crop  would  naturally  be  a  biennial  instead  of  an  annual  one,  but 
owing  to  the  fact  that  some  plants  have  to  be  replaced  earlier  than 
others  a  field  of  mitsumata  soon  has  growing  on  it  plants  in  various 
stages  of  maturity,  and  the  cutting  can  be  done  everv  winter. 

From  600  to  2,000  pounds  of  raw  bark  per  acre  are  produced  by 
this  plant,  according  to  a  statement  made  by  a  paper  manufacturer, 
and  when  made  into  pulp  it  is  worth  in  Japan  15  to  IH  cents  gold  jxir 
pound,  or  four  times  what  the  imported  wood  pulp  from  America 
sells  for  in  Yokohama. 

The  bark  is  removed  from  the  cut  shoots  by  the  peasants,  who  soak 
them  in  hot  water  and  strip  off  the  bark  by  hand.  From  the  clean 
appearance  of  the  bundles  of  peeled  branches  it  seems  probable  that 
the  bark  slips  off  easily  (see  PL  III,  fig.  1),  leaving  light,  porous 
iaggots,  suitable  for  kindling  wood.  Whether  or  not  the  bark  could 
be  removed  by  machinery  has  yet  to  be  investigated,  but  the  soft 
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nature  of  the  wood  makes  it  seem  an  easy  matter  to  crush  the  stems 
and  separate  the  wood  from  the  bark  after  the  crushing.  The  f &o1 
that  in  Japan  these,  as  well  as  the  other  processes,  are  done  by  hand  sig- 
nifies little  as  regards  the  possibility  of  the  application  of  machinery, 
when  it  is  remembered  that  until  two  years  ago  such  simple  operations 
as  tea  firing  and  sifting  were  done  there — and  are  yet  to  a  large  extents — 
by  hand. 

THE  MANT7FACTX7BE  OF  MITSXJMATA  PAPEB. 

* 

Small  paper  factories  are  scattered  along  the  banks  of  the  picturesque 
mountain  streams  in  centi'al  Japan,  and  the  broad  drying  boards  cov- 
ered with  sheets  of  fresh  paper  are  common  sights  in  many  of  the 
mountain  villages.     (See  PI.  Ill,  fig.  2.) 

The  freshly  stripped  bark  is  macerated  in  vats  of  warm  water 
and  the  thin  outer  bark  is  removed  by  scraping  with  a  dull  knife. 
The  purity  of  the  paper  depends  in  large  measure  upon  how  thoroughly 
this  dark  part  is  removed,  for  any  small  particles  that  are  overlooked  in 
the  cleaning  make  dark  flecks  in  the  paper.     After  cleaning,  these  soft, 
spongy  strings  of  bark  are  thrown  into  a  vat  filled  with  caustic  soda,  and 
are  left  to  macerate  thoroughly  until  the  fibers  can  be  easily  separated 
from  each  other.    The  macerated  bark  is  then  pounded,  either  in  a 
stone  mortar  with  a  heavy  wooden  mallet  or  by  means  of  a  stamping' 
mill  run  by  water  power  until  it  is  a  homogeneous  pulp.     It  is  then 
mixed  with  water,  bleached  with  chlorid  of  lime,  and  put  into  a  large 
vat,  from  which  small  quantities  are  taken  by  the  hand  screens  which 
the  operator  uses  in  making  the  sheets  of  paper.     A  mucilage  made 
by  macerating  the  root  of  a  species  of  hibiscus  (//.  vianilwf)  is  added 
in  small  quantities  to  the  pulp  to  make  the  fibers  stick  together.     The 
amount  of  this  mucilage  used  seems  to  }>e  a  matter  of  experience. 
One  woman  can  make,  by  means  of  her  bamboo  hand  sieve,  600  sheets 
of  paper  a  day,  and,  according  to  the  prices  given  me  through  an 
intei-preter,  this  medium  quality  of  paper  sells  for  about  94  cents  a 
hundred  sheets.     It  is  very  interesting .  to  watch  how  skillfully  the 
operator  lifts  from  the  vat  a  screen  half  full  of  thin  pulp,  poises  it 
and  shakes  it  for  a  second  or  two,  allows  the  water  to  drain  out  for  a 
few  moments,  then  quickly  lifts  the  screen  and,  inverting  it,  lay^s  it 
face  down  on  the  pile  of  previously  made  sheets.     She  then  gently 
and  slowly  lifts  the  sieve  and  leaves  a  thin  layer  of  wet  pulp  upon 
the  C/Ontinually  thickening  pile.     With  a  hand  press  the  water  is 
squeezed  out  of  this  pile  of  wet  papers,  the  individual  sheets  are 
stripped  off  one  by  one,  brushed  out  on  smooth  boards  with  brushes 
just  like  those  used  by  the  paper  hanger  to  spread  the  paste  on  wall 
paper,  and  are  then  put  out  in  the  sun  to  dr}^,  after  which  simple  proc- 
ess the  papers  are  packed  in  bundles  and  taken  by  pony  or  bull  pack 
animals  to  the  nearest  market.     In  at  least  one  town  in  Japan  paper- 
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nttkiog  machinery  is  being  employed  in  the  manufacture  of  the  finer 
grades  of  mitsumata  paper  for  export  to  America.  These  machines 
are  rotary,  steam-heated  drums  for  macerating  the  pulp  with  caustic 
soda,  and  the  regular  pulping  tanks  for  separating  the  fibers  and  in 
which  the  blanching  process  is  carried  on.  In  the  mill  which  the 
writer  visited  the  same  bamboo  hand  sieves  were  employed  by  the 
operators  in  making  the  sheets  from  vats  of  the  pulp,  so  that  the 
papers  made  by  this  mill  should  still  be  classed  as  handmade  papers. 

The  laborers  at  work  in  separating  the  inner  from  the  outer  bark 
were  getting  only  9  to  10  cents  gold  a  day,  and  it  seemed  as  if  the 
work  was  so  mechanical  in  nature  that  it  could  easily  be  done  by 
machines;  but  this  question  could  only  be  decided  by  an  investigation 
made  by  experts  in  such  matters.  The  question  also  whether  the 
hand  sieves  could  be  done  away  with  and  continuous-process  machines 
substituted  for  them  must  be  settled  by  repeated  trials.  Problems 
which  appear  much  more  complicated  have  been  solved  by  American 
mechanics. 

THE  KANXJFACTUBE  OF  LEATHEB  PAPEB. 

'^Tsoboya"  paper  is  a  most  peculiar  looking  substance.  It  resem- 
Hes  oilcloth,  but  has  a  texture  more  nearly  resembling  that  of  fine 
leather,  except  that  it  is  more  or  less  translucent,  like  oiled  pigskin. 
In  the  province  of  Ise,  Japan,  are  noted  manufacturers  of  tobacco 
pouches  who  use  only  this  leather  paper  in  their  manufacture,  and  the 
variety  of  styles  in  which  they  make  their  papers  is  remarkable. 

Yamada,  where  Seibei  Ikebe  (who  is  probably  the  most  noted  maker) 
has  his  shop,  is  a  favorite  place  for  pilgrims,  and  for  several  genera- 
tions Ikebe  and  others  have  sold  them  their  paper  tobacco  pouches 
until  it  has  become  the  fashion  for  every  pilgrim  to  bring  back  from 
his  pilgrimage  to  Yamada  a  paper  pouch  as  a  souvenir. 

Some  of  these  leather  papers  are  smooth  and  almost  transparent; 
others  are  rough  and  stamped  with  pretty  patterns,  a  host  of  different 
colors  being  used  in  their  printing.  They  are  in  character  a  kind  of 
crinkled  oiled  cardboard  and  the  process  of  their  manufacture  is  a 
tedious  though  comparatively  simple  one. 

A  thick,  weak  cardl)oard  called  ''onagashi"  paper,  which  is  manu- 
factured of  bark  fiber  in  one  of  the  interior  towns  near  Gifu,  is 
imported  into  Yamada  in  large  quantities.  Before  processing  it  is  soft 
and  tough,  but  will  break  like  any  thin  cardboard.  To  transform  it 
the  sheets  are  moistened  and  then  wrapped  about  a  small  round  stick 
the  size  of  a  broom  handle.  Several  sheets  are  wrapped  at  a  time, 
separated  from  each  other  by  special  dry  papers  which  have  been 
painted  with  persimmon  juice  to  ten  them,  and  the  roll  of  these  papers 
is  finally  wrapped  with  a  cloth  and  tied.  This  roll,  out  of  both  ends 
of  which  the  stick  protrudes,  is  put  under  a  long  lever,  one  end  of  the 
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stick  being  stuck  through  a  hole  in  the  lever  and  the  other  lodged  inl 
hole  through  the  floor.  The  workman  then  sits  on  the  long  end  of  til 
lever  and  teeters  until  the  roll  of  papers,  which  was  originally  about  If 
inches  long,  is  reduced  to  not  more  than  12  inches.  He  then  remove 
the  roll,  undoes  it,  spreads  out  the  papers,  again  arranges  his  dry  sheets 
and  prepares  another  roll  for  the  lever,  inserting  the  same  papers  in : 
different  position.  <Eight  times  he  subjects  the  papers  to  this  wrinklii^ 
process,  and  each  time  they  become  smaller,  thicker,  and  more  pliaM 
until,  after  the  last  wrinkling,  the  cardboard  is  as  soft  and  limp  asi 
bit  of  muslin. 

Once  through  the  wrinkler,  the  paper  is  given  a  coating  of  oil  road 
from  the  seed  of  a  labiate  {PeriUa  oeymoides)  and  hung  out  to  dry 
For  over  a  hundred  days  it  is  hung  in  the  open  air  to  allow  the  oil  ti 
harden,  and  even  two  hundred  days  are  sometimes  required  to  finid 
this  part  of  the  process.  After  being  once  dried  out  the  piece  d 
wrinkled  oil  paper  can  be  treated  in  almost  any  way — shaved  or  scrapei 
with  a  sharp  knife,  stamped  or  beaten  with  dies  or  patterns,  or  giveni 
coat  of  lacquer  varnish.  If  colored  papers  are  required,  the  pigment 
are  applied  before  the  oiling  process. 

Although  these  remarkable  papers  are  used  now  almost  exclusivelj 
for  tobacco  and  other  pouches,  there  are  other  uses  to  which  th< 
inventive  American  mind  can  put  them,  such  as  book  covers,  port 
folios,  table  covers,  etc.,  and  the  writer  is  of  opinion  that,  should  the] 
once  be  available  to  the  common  people,  many  new  and  importaol 
applications  for  them  would  be  found. 

A  similar  form  of  these  leather  papers  is  the  Japanese  handmad< 
wall  paper,  which  is  already  becoming  fashionable  in  America.  Larg< 
factpries  are  running  near  Tokyo  which  turn  out  the  most  beautiful 
designs  for  wall  and  ceiling  decoration.  These  wall  papers  art 
wrinkled  in  the  way  previously  described,  though  evidently  not  « 
finely,  and  are  then  stamped  and  modeled  by  hand  into  the  mosi 
artistic  designs  imaginable. 

The  extent  of  the  leather-paper  industry  is  not  great,  but,  as  it  is, 
over  200,000  paper  pouches  are  made  annuallj^  by  one  firm  alone  in 
Yamada  and  about  $15,000  worth  of  business  yearly  is  claimed  to  be 
done  by  the  same  firm. 

Any  plant  from  which  can  be  produced  a  set  of  papers  widely  dif- 
ferent from  those  we  already  have  is  worthy  of  consideration  by  the 
cultivators  of  the  country,  and  if  the  processes  of  manufacture  can 
make  out  of  it  better,  stronger  envelopes,  finer  and  lighter  wrapping 
paper,  more  suitable  toilet  papers,  or  a  cheap  and  useful  substitute 
for  leather,  the  cultivation  of  the  plant  in  America  may  prove  de- 
cidedly profitable. 

As  the  species  of  mitsumata  is  not  one  which  will  withstand  much 
cold,   it  is  useless  to  try  to  grow  it   in    any  legions  where  the 
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chemiometer  sinks  below  10^  F.,  and  as  it  requires  moisture  there 
would  be  no  reason  for  testing  it  on  the  dry  plains.  The  irrigated 
rice  fields  of  Texas,  with  their  unoccupied  dikes  and  narrow  strips  of 
land  between  the  fields,  would  form  excellent  trial  places  for  the  plant, 
and  the  Colorado  Desert,  with  its  rich  soil  and  abundant  water  supply, 
might  prove  well  adapted  to  its  cultivation.  The  moister  portions  of 
Florida  and  Louisiana  could  be  used  for  experimental  cultivation,  and 
the  irrigated  regpions  of  the  Sacramento  and  San  Joaquin  rivers  would 
probably  be  suitable  for  the  growth  of  this  Japanese  paper  plant. 

XmO,  A  HEW  WINTEB  SALAD. 

INTBODncnON. 

Nothing  has  yet  been  found  which  competes  with  lettuce  for  the 
first  place  as  a  winter  salad,  but  for  a  change  there  are  so  few  salad 
plants  which  can  be  had  in  the  winter  that  a  new  and  eligible  one  is 
surely  worthy  the  serious  attention  of  the  public. 

Udo  is  a  plant  which  has  been  in  cultivation  for  many  years  in 
Japan,  and  was  probabl}'  introduced  from  China,  where  it  is  known 
as  a  vegetable  under  the  name  of  t'u-tang-kuei,  according  to  Dr. 
Augustine  Henry  in  his  notes  on  the  Economic  Botany  of  China. 

In  the  tea  houses  all  over  Japan  its  crisp,  blanched  stems  are  served 
fresh  with  salt  or  boiled  with  a  so}'  sauce.  Eaten  as  sensed  by  the 
Japanese,  it  would  not  be  likely  to  attract  the  attention  even  of  one  in 
search  of  such  things  except  as  being  the  best  of  the  collection  of 
those  characteristic  dishes  which  form  the  menu  of  a  Japanese  meal. 

To  Miss  Fanny  Eldredge,  of  Yokohama,  belongs  the  credit  of  having 
first  adapted  this  udo  to  the  requirements  of  the  Western  table,  and  it 
was  at  the  home  of  Mrs.  Stuart  Eldredge  that  the  attention  of  Mr. 
Lathrop  was  first  called  to  this  novelty  in  winter  salads.  Even  old 
residents  in  Japan  are  unfamiliar  with  this  truly  delicious  vegetable. 

As  served  in  Western  style,  udo  is  a  mass  of  thick  white  shavings,  2  to 
3  inches  long  by  a  half  inch  wide,  with  a  brilliant,  silky  luster.  Miss 
Eldredge  has  found  that  the  best  dressing  is  a  French  one  of  oil,  vine- 
gar, salt,  and  pepper,  and  her  method  of  preparation  is  to  cut  the 
shoots  into  long,  thin  shavings  and  allow  these  to  stand  in  ice  water 
for  several  hours  before  putting  them  into  the  salad  bowl  and  pouring 
over  them  the  French  dressing  prepared  in  the  usual  way." 

These  slices  of  udo  are  crisper  than  slices  of  celery  and  have  none 
of  the  objectionable  stringy  fibers  of  the  latter.     They  have  a  fresh 

<(The  recipe  for  the  dressing  is  as  follows:  For  one  salad  bowl  of  udo,  take  one 
tablespoonful  of  vinegar,  one  teaspoonful  of  salt,  a  liberal  sprinkling  of  black  pepper, 
with  a  drop  or  two  of  tabasco  sauce;  stir  thoroughly  until  the  salt  is  dissolved  and 
then  add  five  tablespoon fuls  of  olive  oil. 
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taste,  like  the  midrib  of  a  lettuce  leaf,  with  a  slight  but  most  agree- 
able suggestion  of  pine  flavor.  The  tenderest  j^oung  shoots  of  celery 
could  not  be  more  brittle  than  these  blanched  stems  of  udo. 

.  From  the  Ist  of  October  until  the  middle  of  May  this  vegetable  is 
for  sale  in  the  markets  of  tfapan,  and  in  this  winter  character,  aside 
from  its  being  an  excellent  salad,  lies  its  great  value.  It  is  compar- 
atively cheap  and  is  eaten  by  the  poor  Japanese  as  well  as  by  the  rich. 

From  its  adaptability  to  winter  culture  and  its  excellent  qualit3%  this 
plant  deserves  to  become  as  well  known  as  asparagus  or  celery. 

Botanically  the  plant  is  known  as  Aralia  cordata  Thunb.  It  has  been 
recognized  as  an  ornamental  plant  in  Europe  and  America,  where  its 
large,  sharpl}'  lobed,  regular  leaves  have  been  highlj"  prized  for  their 
decorative  effects.  (See  PI.  IV.)  The  edible  portions  of  the  plant  are 
its  young  shoots,  which  are  blanched  by  being  covered  with  earth. 

There  are  two  varieties  of  udo,  called  respectively  "kan  udo''  and 
*'moyashi  udo,''  and  these,  though  of  similar  appearance  as  they  are 
placed  on  the  market,  are  quite  differently  cultivated. 

Through  the  assistance  of  Mr.  H.  Suzuki,  of  the  Yokohama  Nur- 
sery Company,  1  was  able  to  learn  from  the  growers  of  this  vegetable 
how  it  should  be  cultivated.  \X.%  cultivation  is  not  difficult  and  will  be 
easily  understood  by  anyone  acquainted  with  the  ordinar}'  methods  of 
forcing  aspai*agus. 

THE  OUIiTIVATIOK  OF  KAN  UDO. 

The  seeds  of  this  variety  are  sown  broadcast  in  seed  beds,  prepared 
of  rich  garden  earth,  in  the  month  of  March  or  April,  and  are  allowed 
to  grow  there  for  one  year.  The  following  spring  the  individual 
seedlings  are  transplanted  from  this  seed  bed,  after  the  tops,  which 
have  died  during  the  winter,  have  been  removed,  and  they  are  then  set 
in  rows  2  feet  apart  and  10  inches  from  each  other  in  the  rows.  In 
these  rows  they  are  cultivated  all  summer,  or  until  September,  when 
the  leaves  begin  to  turn  brown.  The  stems  are  then  cut  back  close 
to  the  rootstocks  and  the  earth  is  piled  up  in  a  mound  2  feet  hig-h 
above  the  latter.  In  fort}"  days  the  new  shoots,  which  begin  to  fomi 
as  soon  as  the  old  ones  have  been  cut  back,  appear  above  the  surface 
of  the  mound.  The}'  are  then  ready  for  cutting,  and  the  mound  is 
opened  and  the  marketable  shoots  cut.  Each  rootstock  produces 
about  five  of  these  blanched  shoots,  three  of  which  are  probably  fit 
for  the  market  at  the  first  cutting,  early  in  October.  The  remaining* 
small  shoots  are  covered  up  again  and  allowed  to  grow  for  a  second 
cutting  a  week  or  so  later.  In  removing  these  shoots  for  market 
care  is  taken  to  cut  close  to  theii*  bases,  so  as  not  to  leave  stubs,  as  the 
presence  of  the  latter  is  said  to  prevent  the  rapid  growth  of  the 
remaining  young  shoots. 

Genemlly  only  two  crops  of  shoots  are  secured  of  the  kan  udo,  but 
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octusionalh"  there  are  three.  After  the  removal  of  the  last  crop  the 
rootstocks  are  buried  and  allowed  to  remain  over  winter.  In  the 
spring  the  mounds  are  opened  and  rich  manure  is  applied  in  trenches 
running  on  both  sides  of  the  plants.  Throughout  the  summer  the 
plants  are  allowed  to  grow  and  are  again  cut  down  in  autumn  and 
treated  in  a  similar  way  to  that  just  described.  The  life  of  the  kan 
ado  rootstock  is  more  than  ten  years,  but  beyond  that  age  its  use  ceases 
to  be  profitable. 

Although  generally  grown  from  seed,  this  variety  can  be  repro- 
duced from  root  cuttings,  though  the  latter  method  is  considered  less 
practicable,  owing  to  the  f^ct  that  the  large  root  <*uttings  take  up 
more  space  in  the  field. 

The  season  for  kan  udo  is  October  and  Novembei*,  and  being  the 
earliest  variety  and  occupj'ing  the  fields  to  the  exclusion  of  other 
crops  it  is  also  the  dearest,  sometimes  selling  for  as  much  as  25  cents 
for  a  bundle  of  16  shoots.  It  is  not  otherwise  preferable  in  any  way 
to  the  other  variety,  which  first  appears  in  the  market  toward  the  end 
of  November. 

THE  CULTTy^ATIOK  OF  MOTASHI  ITDO. 

The  moyashi  or  forcing  udo  Is  grown  from  root  cuttings,  which  are 
purchased  by  the  growers  from  sj^ecial  cultivators  who  have  their 
seed  beds  on  the  slopes  of  Fujiyama.  These  young  sets,  which  have 
been  grown  from  seed  the  year  before,  are  dug  in  November  and  kept 
all  winter  packed  in  straw.  They  are  bought  in  earh*  spring  by  the 
cultivators  and  kept  ready  for  planting,  which  is  done  during  March 
and  April. 

The  root  cuttings  are  laid  lengthwise  in  a  shallow  trench  about  4 
inches  apart,  and  in  the  space  between  them  a  small  quantity  of  rich 
ttianure  is  placed.  Thej'^  are  then  covered  with  2  inches  of  soil.  As 
the  leaves  appear,  the  trench  is  gradually  filled  about  their  bases,  und, 
^th  the  usual  cultivation  to  keep  down  the  weeds,  the  plants  are 
allowed  to  grow  until  the  end  of  October,  or  until  frost.  These  two- 
year-old  plants  are  then  dug,  the  dead  stems  are  removed,  and  the 
plants  packed  away  in  a  dry  place  until  wanted  for  the  forcini,r  bed. 
They  maj^  be  kept  for  several  months  in  this  dry  condition  without 
injury. 

The  forcing  bed  is  made  by  digging  a  trench  3  feet  wide  and  2  feet 
deep  and  putting  on  the  lx)ttom  a  thin  layer  of  barley  husks  or  a 
sprinkling  of  bone  dust,  over  which  is  spread  an  inch  of  .rich,  light 
garden  soil,  mixed  with  about  10  per  cent  of  leaf  mold. 

The  dry  udo  sets,  which  are  kept  in  stock,  are  packed  as  closely 
together  as  they  can  stand  in  the  bottom  of  the  trench,  which  is  filled 
in  and  heaped  up  with  the  same  light  soil.     In  about  fifty  days  the  first 
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shoots  appear  above  the  mound  and  are  cut,  like  aspaittgu^,  by  dig'g'ing' 
down  to  the  base  or  by  inserting  a  long  knife  into  the  mound. 

By  preparing  a  series  of  forcing  trenches  and  planting  them  at  dif- 
ferent times,  fresh  shoots  of  the  moyashi  udo  can  be  had  all  winter 
long,  from  November  until  the  f)eginning  of  May. 

At  the  close  of  the  forcing  season  the  rootstocks  are  taken  from  the 
trench,  planted  out  in  rows,  manured  heavily,  allowed  to  grow  all 
summer,  and  forced  again  the  following  winter.  These  same  roots 
are  used  for  several  years.     (See  PI.  V,  figs.  1,  2,  and  3.) 

Although  cheaper  than  the  kan  udo,  this  forcing  variety  will  prob- 
ably be  better  suited  to  our  American  conditions,  for  it  yields  shoots 
throughout  the  winter,  while  the  other  sort  produces  them  only  in 
October  and  November.  The  mild  winters  in  Japan  make  these  forc- 
ing beds  in  the  open  ground  possible,  and  it  is  probable  that  as  far 
north  as  Norfolk,  Va.,  the  culture  of  udo  in  a  similar  way  could  be  car- 
ried on;  if  not,  certainly  Florida  and  California  truck  growers  could 
•cultivate  the  plant.  The  kan  udo  might  be  grown  even  farther  north 
where  the  ground  does  not  freeze  until  after  the  last  of  November. 

WASABI,  THE  HOBSE-BADISH  OF  THE  JAPAHESE. 

INTBODUCTION. 

There  is  a  fresh  sharpness  about  Japanese  wasabi  that  not  even  the 
finest  Austrian  sorts  of  horse-radish  possess.  The  color,  too,  is  not 
generalh"  white,  but  a  delicate  shade  of  green,  and  although  served 
much  in  the  same  way  that  horse-radish  is  served  in  America,  it  is 
quite  a  different  thing. 

The  roots,  which  ai-e  grated  up  to  prepare  this  Japanese  appetizer, 
are  produced  by  a  plant  of  the  same  famil}'  as  the  true  horse-radish 
and  the  mustard,  and  lK)tanist8  give  it  the  name  of  Eutrema  toamhi. 
(PI.  VI.,  figs,  land  2.) 

To  anyone  fond  of  such  things  this  Japanese  horse-radish  will  prove 
an  acceptable  novelt}',  and  it  is  with  the  object  of  acclimatizing  wasabi 
in  America  that  a  few  young  plants  have  been  secured  and  will  be 
propagated  and  tested  in  the  trial  gardens  of  the  Department  of 
Agriculture. 

In  Japan  grated  wasabi  is  a  constant  accompaniment  to  the  raw 
fish  which  forms  such  a  prominent  part  of  a  Japanese  meal.  Without 
it  the  fish  would  taste  as  unnatural  to  a  diner  as  blue-point  oystei^s  on 
the  half -shell  without  horse-radish  wguld  taste  to  the  average  Amer- 
ican. Wasabi  is,  in  fact,  universally  used  in  the  inns  and  tea  houses 
of  the  country. 

The  wasabi  plant  is  a  peculiar  one  to  cultivate,  and  there  are  certain 
localities  in  eJapan  where  it  is  grown,  notably  in  the  region  about 
Hiroshima.     It  is  popularly  believed  that  the  culture  must  be  carried 
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on  in  running  water,  but  this  is  not  absolutely  correct,  for  near  Nara, 
in  tbe  little  village  of  Kiriyama,  there  are  patches  of  wasabi  which 
have  been  grown  for  many  generations  by  tbe  same  family  in  a  loca- 
tion not  flooded  with  water. 

With  Mr.  K.  Yendo  of  the  Tokyo  Botanic  Gardens  as  interpreter, 
the  writer  visited,  in  June,  1902,  one  of  the  cultivators  of  wasabi  and 
gleaned  from  him  a  number  of  facts  about  the  culture  of  the  vege- 
table. Mr.  Kawakita,  whose  father  and  grandfather  Ijefore  him  had 
growTi  wasabi,  carried  on  its  cultivation — as  the  growei-s  of  Fourche 
Maline  do  the  hoi-se-radish — only  as  a  secondary  crop.  His  patches 
of  the  plant  were  in  a  narrow  valley,  shaded  b\'  pei^simmon  trees, 
where  the  soil  was  wet  by  underground  springs,  just  such  a  place  as 
one  would  expect  to  find  ferns  in  were  the  ground  not  cultivated.  (See 
PI.  VI,  fig.  2.) 

Owing  to  the  ravages  of  a  small  caterpillar  which  had  riddled  tbe 
leaves  with  holes,  the  plants  presented  a  sorry  enough  appearance,  and 
the  owner  took  no  pride  in  showing  them.  The  general  appearance  of 
the  slopes  of  the  little  valley  was  as  if  they  had  been  covered  with  a 
coarse,  broad-leaved  dock  like  the  Petasiten^  which  is  common  in  parks 
in  Europe. 

THE   CT7LTIVATI0N  OF  WASABI. 

The  method  of  culture  practiced  by  Mr.  Kawakita  is  a  simple  one 
enough,  the  chief  point  being  the  selection  of  a  suitable  location  for 
the  patch.  Moisture  is  essential,  and  the  borders  of  a  mountain  })rook 
or  a  bit  of  "spring}'"  meadow  in  the  hills  would  form  a  suitable  situ- 
ation. Shade  is  likewise  looked  upon  by  this  gardener  as  necessary, 
and  that  cast  b}'  the  kaki  or  Japanese  persimmon  trees  is  preferred. 
The  soil  is  a  stiff  clay,  mixed  with  gravel,  which  retains  moisture  for 
a  long  time. 

In  the  month  of  June,  when  the  2-year-old  plants  which  arc  read}' 
for  market  are  dug,  the  young  suckers  are  carefully  removed  from  the 
marketable  roots  and  are  planted  out  in  the  field.  They  are  set  in 
rows  that  are  1^  feet  apart  and  are  put  only  10  inches  from  each  other 
in  the  rows.  Weeding  is  done  as  found  necessary,  and  in  February 
or  March  the  plants  are  hilled  up  to  make  them  produce  longer  and 
Jarger  roots  for  the  market. 

Liquid  manure  and  rape-seed  cake  are  two  of  the  principal  fertilizers 
of  the  country,  and  these  are  applied  judiciously  in  Noveml)er  and 
March  in  quantities  varying  according  to  the  soil  conditions. 

For  two  years  the  young  wasabi  plants  are  cared  for  in  the  field,  at 
fte  end  of  which  time  their  roots  are  large  enough  to  be  dug.  Over 
2  tons  of  these  roots  are  said  to  be  harvested  from  an  acre. 

The  roots  are  prepared  for  market  by  washing  off  the  dirt,  cutting 
l>ack  the  tops,  and  binding  into  bundles.     They  keep  for  some  time, 
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just  as  horse-i'adish  does.  There  is  said  to  be  a  difference  between 
tiie  wasabi  which  is  grown  directly  in  the  running  water  and  that 
cultivated  in  wet  locations  in  the  mountains,  the  former  having  a 
greener  color.  Roots  that  are  grown  in  the  mountains  have  a  finer 
flavor  than  those  which  are  cultivated  on  the  plains,  it  is  said. 

The  roots  are  generally  grated  and  served  as  horse-radish  is  served 
in  America,  but  they  are  sometimes  pickled  with  sake  vinegar,  the 
residue  from  the  rice  wine  of  the  country,  or  are  used  to  give  a  snap 
to  certain  kinds  of  confectionery.  The  fresh  leaves  are  also  employed 
in  the  manufacture  of  a  pepper  sauce  by  putting  them  in  a  bottle, 
pouring  hot  water  over  them,  and  allowing  them  to  stand  for  several 
hours. 

A  vegetable  which  has  become  to  the  Japanese  what  horse-i-adish 
is  to  the  Occidentals  can  hardly  fail  to  attract  the  attention  of  those 
Americans  who  are  seeking  new  and  appetizing  relishes. 
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DESCRIFTION  OF  PLATES. 

Plate  I.  Frontispiece.  A  hillside  covered  with  mitsumata  paper  plants,  near  ^^hizu- 
oka,  Japan. 

Plate  II.  Fig.  1. — Miteninata  pUint  two  years  after  tmn.^planting  from  nursery  row. 
Fig.  2. — Three-year-old  shoots  rising  from  an  old  mitsumata  stump,  near 
Shizuoka. 

Plate  III.  Fig.  1. — A  bumlle  of  stems  of  nntsumata  after  the  paper-producing  bark 
has  been  removed.  Fig.  2. — Boards  covered  with  drying  sheets  of  mitsumata 
paper. 

Plate  IV.  Plants  of  the  kan  or  summer  u(Jo  growing  in  the  field.  From  a  photo- 
graph taken  on  the  experiment  station  grounds  of  Marquis  Matsudaira  at  Fukui, 
Japan,  by  Yendo. 

Plate  V.  Fig.  1. — Young  root  cutting  of  the  forcing  udo  after  it  has  been  planted  for 
a  week  or  two  in  the  spring,  showing  the  way  the  new  shoot  springs  from  the 
horizontally  laid  cutting.  Farsari,  photographer,  Yokohama.  Fig.  2. — Old  root 
of  the  forcing  udo  after  it  has  been  long  enough  in  the  soil  in  spring  to  start  well 
into  growth.  Farsari,  photographer,  Yokohama.  Fig.  3. — Blanched  young 
shoot  of  forcing  udo,  more  than  2  feet  in  length,  as  taken  from  the  forcing  bed 
in  May.  The  white  portion  only  is  edible,  the  dark  part  being  the  old  root, 
which  produces,  one  after  the  other,  several  such  e<iible  shoote.  Farsari,  pho- 
tographer, Yokohama. 

Plate  VI.  Fig.  1. — Young  wasabi  plants  ready  to  set  out.  The  marketable  roots 
look  mnch  like  these.     Fig.  2. — A  patch  of  wasabi  growing  on  a  shady  hillside. 
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Fw.  I,— MiTSUMATA  Plant  Two  Yeam  After  Transplanting  fbom  Nubsehv  Row. 


a^l    41.  eu'...  or  P<.n,  I, 


Fia.  1.— A  Bundle  of  Peeled  Stems  of  Mitsumat*. 
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A  Commercial  Grove  of  Black  Bamboo  (Pmvllostacmys  hiqra),  Near  kvoto. 
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U.  S.  I>ErARTMENT  OF  Acjricultukf:, 

BuKEAU  OF  Plant  Industry, 

Office  of  the  Chief, 
Wa^hingto))^  I),  61,  May  16^  19fU. 
Sir:  I  have  the  honor  to  transmit  horewitli  a  paper  entitled  '''Jap- 
anese Bani}K>os  and  Their  Introduction  into  America,""  and  n^spectfully 
recommend  that  it  l)e  published  as  Bulletin  No.  43  of  the  series  of  this 
Bureau. 

Thi**  paper  was  prepared  by  Mr.  David  (i.  Fairchild,  Agricultural 
Explorer,  who  has  been  detailed  by  you  to  accompany  Mr.  Barbour 
Lathrop  on  his  expeditions  in  search  of  valuable  seeds  and  plants,  and 
it  has  l>een  submitted  by  the  I^tanist  in  Charge  of  Seed  and  Plant 
Introduction  and  Distribution  with  a  view  to  publication. 

The  illustrations  which  accompany  this  paper,  consisting  of  (»ight 
half-tone  platens,  are  considered  essential  to  a  full  understanding  of  the 
text. 

Respectfully,  •  B.  T.  Galixjway, 

Chief  of  Bnrca  //. 
II<m.  James  Wilson, 

Src/'ttanj  (f  Agriculture, 


PRKFy\CE. 


The  bamboo  has  long  been  known  as  one  of  the  test  of  ornamentals 
wherever  the  climate  is  sufficiently  mild  to  permit  of  its  cultivation, 
but  besides  its  value  as  an  ornamental  the  Ymmboo  has  in  its  native 
home  a  multitude  of  uses  which  make  it  one  of  the  most  important 
plants  in  the  economy  of  Japanese  life. 

Both  Mr.  Barbour  Lathrop  and  Mr.  Fairchild  an»  convinced  that 
the  bamboo  may  be  adapted  to  many  uses  in  America,  and  the  present 
bulletin  is  intended  to  call  attention  to  the  possibilities  in  this  direction 
and  to  describe  some  of  the  most  important  species. 

A.  J.  PlETKRS, 

liotnnixt  in  Char(jf\ 

Office  of  Botanist  in  Charge  of 

Seed  and  Plant  Intkoduction  and  Distribution. 

Washingtm},  I),  6^  May  H,  IfHU, 
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JAPANESE  BAMBOOS  AND  THEIR   INTRODUCTION 

INTO  AMERICA. 


INTBOBUCnON. 

This  bulletin  represent  a  small  part  of  the  work  ac*complished  by 
Mr.  Barbour  Lathrop's  third  exi>edition  in  soarch  of  valuable  seeds 
and  plants,  and  comprises  material  gathered  during  a  four  months^ 
stay  in  Japan. 

Its  object  is  to  call  the  attention  of  American  cultivators  to  a  group 
of  the  most  beautiful  and  useful  of  all  plants  which  has  hitherto  been 
neglected  by  them,  either  because  the^'^  believe  it  adapted  onh'  to  a 
tropical  climate  or  to  be  of  only  ornamental  value,  and  to  point  out 
how  far  both  of  these  views  are  fallacious. 

Anyone  who  has  attempted  to  collect  data  in  an  Oriental  country 
will  appreciate  the  difficulties  which  are  encountered  in  working 
through  an  interpreter,  and  will  understand  that  some  of  the  state- 
ments in  this  bulletin  must  depend  upon  the  accumcy  of  the  tnins- 
lations.  Mr.  K.  Yendo,  of  the  botanic  gardens  in  Tokyo,  was, 
however,  particularly  well  fitted  to  interpret  on  botanical  matters, 
and  it  is  hoped  few  errors  have  been  made. 

The  writer  wishes  to  express  his  indebtedness  and  gratitude  for 
assistance  to  Mr.  T.  Makino,  of  the  Tokyo  Botanic  (lardens,  who  is 
the  Japanese  authority  on  bamboos;  Mr.  Isuke  Tsuboi,  of  Kusafuka, 
near  Ogaki,  who  is  one  of  the  best  amateur  cultivators  of  these 
plants;  and  especially  to  Mr.  H.  Suzuki,  of  Yokohama,  for  most 
valuable  advice  and  assistance  regarding  transplanting  and  shipping. 

The  valuable  work  of  Sir  Ernest  Satow  on  ''The  Cultivation  of 
Bamboos  in  Japan,"  in  Volume  XXVII  of  the  Transactions  of  the 
Asiatic  Society  of  Japan  (1899),  and  above  all,  "The  Bamboo  Gar- 
den," by  Mr.  Freeman  Mitford  (1896),  which  is  the  most  attractive  and 
useful  book  ever  written  on  this  group  of  plants,  have  been  drawn 
upon  largely,  especially  in  the  preparation  of  the  descriptions  of  the 

various  species. 

9 


10  JAPANESE   BAMBOOS. 


GENERAIi  CONSIBEBATIONS. 


The  bamboo  groves  of  Japan  are  not  only  one  of  the  most  striking 
features  of  its  landscapes  but  one  of  its  most  profitable  plant  cultures. 

The  largest  well-kept  groves  in  the  world,  except  perhaps  those  of 
Burma,  are  growing  in  the  centml  provinces,  and  some  of  these  are 
several  square  miles  in  ar<ea.  In  the  Tropics  generally  the  bamboo  Ls 
cultivated  in  small  clumps,  but  in  Japan  it  is  grown  with  almost  the 
same  care  that  is  given  to  the  field  crops. 

No  other  nation  has  found  so  many  artistic  uses  for  the  plant  as 
the  Japanese,  and  in  no  other  country,  except  it  be  China,  is  .such  a 
variety  of  forms  employed  by  the  common  people. 

The  plant  is  a  necessity  to  the  Japanese  peasant;  it  forms  one  of  the 
favorite  themes  of  the  Japanese  artist,  and  out  of  it  are  manufactured 
some  of  the  mo&t  deliciitc  works  of  Japanese  art.  The  liamboo  is  iii 
fact  one  of  the  greatest  cultiv^ated  plants  of  this  plant-loving  i-ace. 

It  is  a  popular  misconception  that  })amboos  grow  only  in  the  Tropics. 
Japan  is  a  land  of  bamboos,  and  yet  where  these  plants  grow  it  is  not 
so  warm  in  winter  as  it  is  in  California.  In  regions  where  the  snows 
are  so  heavy  that  they  often  ))reak  down  the  young  stems  and  where 
the  thermometer  drops  to  15'^  (F.)  below  the  freezing  point,  the  largest 
of  the  Jajmnese  species  grows  and  forms  large  groves. 

For  many  years  the  gardens  of  France  and  England  have  been 
beautified  by  clumps  of  these  Japanese  bamboos,  and  even  in  America 
occasional  plants  can  be  found  growing  in  the  open  air,  which  prove 
the  possibilit}'^  of  acclimatizing  these  reprcvsentatives  of  this  most  use- 
ful family  of  plants.  A  temperature  of  6^  F.  has  not  proved  fatal  to 
a  large  number  of  tlio  hardy  kinds  in  England. 

Although  nearly  every  description  of  those  regions  where  bamboos 
grow  gives  some  account  of  their  uses,  there  is  still  in  the  minds  of 
many  Americans  a  doubt  as  to  the  value  of  these  plants  for  growth  in 
the  United  States. 

Bamboos  are  not  like  new  grains  or  fodders  which  will  yield  prompt 
returns  in  money,  but  they  are  essentially  wood-producing  plants, 
whose  timber  is  unlike  that  of  any  temperate-zone  forest  tree^,  and  is 
suitable  for  the  manufacture  of  a  nmltitude  of  articles  for  which  our 
own  woods  are  not  well  adapted.  They  are  the  most  convenient  plants 
in  the  world  for  cultivation  about  a  farmhouse,  and  in  those  regions 
where  they  can  grow  would,  if  introduced,  prove  themselves  in  time 
one  of  the  greatc^st  additions  imaginable  to  the  plants  of  the  cx)mmon 
people. 

The  Japanese  and  Chinese,  who  are  the  most  practical  agriculturists 
in  the  world,  have  for  centuries  depended  upon  the  bamlx)o  as  one  of 
their  most  useful  cultures,  and  the  natives  of  tropical  India  and  the 
Malay  Archipelago  would  be  much  more  at  a  loss  without  it  than  the 
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American  farmer  without  the  white  pine,  for  they  are  not  only  (l(»pend- 
ent  upon  it  for  their  building  material,  luit  make  their  ropes,  mats, 
kitchen  utensils,  and  innumerable  other  articlew  out  of  it,  and  at  the 
aune  time  consider  it  among  the  most  nutritious  of  their  vegetables. 
To  enumeipte  the  uses  of  such  a  family  of  plants  as  this  would  1k>.  like 
giving  a  list  of  the  articles  made  from  American  pine,  and  it  would 
not  serve  the  purpose  of  this  bulletin  so  well  as  to  simply  point  out 
the  fact  that  the  wood  of  this  bamboo  is  suited  to  the  manufacture  of 
a  different  cluass  of  articles  and  tills  a  different  want  from  that  of  anv 
of  our  American  woods.  Every  country  schoolboy  is  aware  of  the 
superiority  of  a  bamboo  fishing  pole  over  any  other.  Its  flexibility, 
lightness,  and  strength  distinguish  it  sharply  from  an^'  Ameri<*an  poles, 
and  tnake  it  l)etter  suited  for  a  fishing  rod  than  one  made  from  any 
wo«k1  irrown  in  this  country.  It  is  l)ecjiuse  the  American  schoolboys 
art*  so  firmly  convinced  that  the  InimlKK)  fishing  poles  are  the  best  that 
the  iiiiportei"s  are  warranted  in  shipping  into  the  United  States  from 
Japan  every  year  several  millions  of  them.'' 

Tlu*  thin,  flexible  ril)s  of  the  imix)rtc»d  Japanese  fan  an^  ma^le  from 
the  wo<k1  of  the  siinie  ])lant,  and  no  one  can  fail  to  recognize  the  pecul- 
iar fitness  of  the  material  for  this  particular  itse. 

These  are  two  uses  of  bamboo  wood  which  illustrati^  its  character, 
and  must  be  familiar  to  nearly  everyone.  When  one  realizes,  how- 
ever,  that  they  are  selected  from  over  a  hundn»d,  which  would  l)e  just 
as  familiar  to  the  Chinese  or  Japanese,  it  seems  highly  probable  that 
thi.s  wood  nULst  be  appli(*able  to  many  other  needs  among  Americans, 
which  a  closer  acquaintance  with  it  would  reveal.  Santos  Dumont 
has  employed  bamlK)o  extensively  in  the  framework  of  his  dirigible 
Yialloons,  and  Edison  once  used  it  in  his  incandescent  lamps. 

Americans  see  in  America  only  the  ini|K)rted  poles  or  manufactured 
articles  as  a  rule,  and  from  these  it  is  very  ditficult  to  imagine  the 
multitude  of  uses  to  which  the  green,  uncured  stems  are  put.  It  is 
for  just  such  things  as  can  l)e  made  cjuickly  from  the  green  shoots  that 
the  plant  is  j)eculiarly  fitted,  and  this  suitability  for  making  all  sorts 
of  handy  contrivances  is  one  of  the  principal  reasons  why  it  should  be 
made  a  common  plant  anumg  the  farmers  of  those  parts  of  our  coun- 
try where  it  will  grow. 

The  bamboos  l>elong  to  the  family  of  the  grasses,  and  if  this  fact  is 
kept  in  mind  many  peculiarities  of  their  habits  and  characters  will  )>e 
easily  understood.  They  should  be  distinguished,  however,  from  the 
reeds,  of  which  we  have  a  number  in  America,  especially  such  as  are 
called  ''bamboo  reed"  or  '*  Arundo"  {Arumlo  (hmau)^  a  rank-growing 
grass,  with  stems  beai'ing    long  broad   leaves  to  their  very  bases. 

• 

«The  writer  was  informed  by  a  large  jjrovver  near  Kyoto  that  10,000,000  art* 
exp<>rte<l  from  Japan  every  year,  and  that  the  largest  share  of  them  gcxifl  to  Anjgrica. 


12  JAPANESE   BAMBOOS. 

Thase  reeds,  although  useful,  have  very  soft  stems,  which  are  entirely 
different  in  texture  from  those  of  the  true  bamboo.  The  canehrakeB 
of  the  South  are  made  up  of  a  species  of  bam)3oo,  but  unfortu<<iately 
the  wood  of  this  Hpecies  is  of  very  little  value.  The  tall,  plume-like 
stem  of  the  bamboo,  which  sometimes  reaches  a  height  of  100  feet,  has 
many  of  the  characteristics  of  a  giant  grass  (PI.  I).  It  is  composed 
of  joints,  is  hollow  (PI.  VIII,  fig.  1),  and  grows  to  its  full  height  from 
a  creeping  underground  stem  in  a  few  days,  quite  as  does  a  shoot  of 
<}uack  grass.  The  rapidity  with  which  a  new  culm  grows  is  one  of  the 
most  remarkable  fat^ts  about  it,  and  often  bewilders  the  layman,  who 
is  accustomed  to  judge  the  age  of  a  tree  by  its  size  (PI.  VII).  Over 
a  foot  a  day  is  not  an  unusual  rate  during  the  most  rapid  growth — a 
i*ate  of  3  feet  jM»r  da}'  has  been  recordeil — and  a  shoot  more  than  20 
feet  high  may  !)e  less  than  fifty  days  above  the  ground.  Its  develop- 
ment may  be  compared  in  a  rough  way  to  that  of  a  shoot  of  asparagus, 
and  anyone  who  has  seen  how  easily  a  young  stem  of  bamboo  can  be 
snap|)ed  off  by  merely  shaking  it  will  appreciates  this  comparison. 

In  common  with  the  stems  of  grasses,  those  of  the  bamlxx)  have  a 
hard,  siliceous  exterior,  which  makes  them  more  impervious  to  mois- 
ture and  more  durable  than  ordinary  wood  of  the  same  weight.  The 
presence  of  partitions  at  short  intervals,  which  cut  up  the  hollow  stem 
into  natural,  receptacles,  is  another  valuable  characteristic.  These 
partitions  can,  however,  be  easily'  removed,  and  the  hollow  stem  used 
as  a  pipe,  or  the  pipe  can  be  split  open  from  end  to  end  to  form  two 
semicA'lindrical  troughs.  The  ease  with  which  the  green  stems  can  be 
split  into  slender  pieces,  which  range  in  size  from  half  that  of  the 
stem  itself  to  the  fineness  of  a  horsehair,  is  one  of  the  most  remarkable 
qualities  of  the  wood,  and  makes  it  adapted  to  innumerable  kinds  of 
basket,  sieve,  screen,  and  mat  making.  The  fact  that  no  long  process 
of  curing  is  necessar>'  before  stems  which  have  been  cut  fresh  from 
the  forest  can  be  used  is  one  of  the  qualities  that  makes  the  plant  of 
such  great  convenience  in  the  peasant  homes  of  the  Orient.  Many  of 
the  articles  of  bamlK)o  manufacture  could  be  repla<;ed  by  metal  ones, 
but  it  is  the  convenience  of  having  always  at  hand  a  stock  of  material 
which  can  ))e  easil}^  made  into  a  host  of  improvised  things  that  makes 
the  plant  so  valuable.  This  latter  is  a  point  which  should  appeal  espe- 
cially to  Americans,  who  are  called  the  handiest  people  in  the  world. 

The  employment  of  the  3'oung  sprouts  as  a  vegetable  is  alone  worthy 
of  the  serious  attention  of  our  cultivators,  for  the  fondness  which 
many  American  residents  show  for  1mm boo  shoots  indicates  the  possi- 
bility of  creating  a  demand  for  them  in  America. 

But  in  addition  to  the  uses  of  the  bamboos  as  timber  and  food  plants 
their  value  from  an  aesthetic  standpoint,  is  incontestable.  They  are 
among  the  most  graceful  forms  of  vegetable  life  that  exist,  and  add 
an  indescribable  charm  to  any  landscape  (PI.  I).     No  one  who  has 
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ever  seen  them  in  China  or  Japan  can  fail  to  have  been  impressed 
with  their  beauty  or  convinced  of  the  great  charm  which  they  lend  to 
the  otherwise  often  monotonous  character  of  the  scenery.  They  are 
waring  plumes  of  delicate  green  foliage,  which,  whether  seen  against 
the  sky  line  or  backed  by  a  darker  mass  of  forest,  always  give  a  pecul- 
iar softness  to  the  scene. 

Nearly  every  farmhouse  has  growing  near  it  a  clump  of  some  one 
of  the  useful  species,  and  the  graceful  mass  of  culms  transforms  what 
would  be  an  uninteresting  plaster  and  tile  house  into  a  pretty,  pictur- 
esque home. 

It  is,  however,  the  introduction  of  the  hardy  representatives  of  this 
remarkable  family  of  plants  into  the  United  States  that  should  attmct 
the  attention  of  Americans,  and  the  object  of  this  bulletin  is  to  show 
how  the  various  kinds  of  l>amboo  are  cultivated  in  Japan,  and  to 
suggest  how  these  methods  of  cultivation  can  be  applied  to  American 
conditions. 

As  might  be  expected,  in  a  group  of  plants  containing  hundreds  of 
i*peciei>,  there  is  a  great  range  of  hardiness  among  them.  Some  of  the 
Japanese  forms  are  able  to  thrive  in  the  coldest  regions  of  Hokkaido, 
the  North  Island,  while  others  are  too  tender  to  l)e  grown  successfully 
even  in  the  comparatively  mild  climate  of  the  central  provinces. 

There  is  also  a  great  range  in  the  size  of  the  different  spt^cies.  Some 
are  so  small  that  the}^  creep  over  the  ground,  forming  a  reed-like,  rank- 
growing  greensward  (PI.  VII,  fig.  2),  while  others  grow  to  a  height 
of  40  feet  or  more  and  produce  stems  which  are  (5  and  7  inches  in 
diameter  (PI.  lY).  Certain  forms  aie  suited  only  for  potting  puri)<)scs 
and  are  chosen  b}^  the  Japanese  gardeners  as  objects  ujk)!!  which  to 
practice  their  dwarfing  art  (PI.  VII,  fig.  1),  while  others  are  grown  in 
forewts  which  are  manv  acres  in  extent. 

While  the  introduction  into  America  of  some  of  the  smaller  forms 
is  a  desirable  matter,  the  main  interest  attaches  to  stnuring  aini  estal)- 
ILshing  the  hardy  forest  sp<HMes. 

As  previoush'^  remarked,  there  are  many  plants  of  flapan<vse  ham- 
boofs  already  growing  in  America,  ('lumps  of  the  very  hardy  kinds 
may  t>e  seen  occasionally  in  private  gardens  or  public  parks  in  the 
South,  even  as  far  north  as  Washington;  but  owing  either  to  the  diffi- 
cult}' of  getting  the  plants  or  a  failure  to  understiind  tlu^ir  manage- 
ment these  have  never  })ecome  pojmlar  farm  plants.  Potted  si)ecimens 
of  the  small  si^ecies  are  to  be  met  with  in  many  florists'  collections,  and 
some  are  used  as  lawn  plants,  but  the  employment  of  even  these  is 
very  limiteil. 

In  California,  where  the  Japanese  and  Chinese  spec^ies  thrive  very 
well,  there  are  many  large  specimens,  and  even  one  small  forest,  while 
a  number  of  Californians  are  enthusiastic  bamboo  fanciers.  Dr.  H. 
Tevis,  of  San  Francisco,  has  probably  the  largest  collection  on  the 


14  JAPANESE   BAMBOOS. 

Pacific  coast,  and  his  brother  has  a  grove  at  Bakersfield  in  which 
stems  over  40  feet  high  are  said  to  be  growing.  The  Golden  Grate 
Park  has  several  clumps  which  are  very  promising,  and  Mr.  McLaren, 
the  superintendent,  was  most  enthusiastic  over  an  offer  by  Mr.  Lathrop 
to  present  several  thousand  to  the  park,  with  which  to  start  a  grove  or 
two  of  more  than  a  half  acre  in  extent.  In  the  grounds  of  a  nursery 
company  at  Niles,  Cal.,  there  are  sev^eral  rows  (PI.  VIII)  of  the  tim- 
ber bamboo,  individuals  of  which  are  certainly  25  feet  in  height;  and 
a  beautiful  little  grove,  proba})ly  of  PhylVjutuchys  qitilioi^  in  the  town 
of  Berkeley,  waj5»  destro3M»d  a  few  ^ears  ago  to  make  way  for  a  street. 
In  Florida  the  well-known  nursery  firms  have  already  imported  many 
different  species. 

Mr.  Lathrop  is  (insisting  the  Department  of  Agriculture  in  an  attempt 
to  introduce  on  a  large  scale  the  Ix^st  of  the  Japanese  timber  soi-ts 
and  arouse  the  interest  of  a  large  class  of  cultivators  in  those  regions 
when*,  the  plants  are  likely  to  succeed,  and  it  is  to  be  hoped  that  the 
time  is  not  far  off  when  many  thousands  of  3'oung  plants  will  be  set 
out  through  these  sections  of  the  United  States. 

GENERAL  CHABACTEBS  OF  THE  JAPANESE  BAMBOOS. 

Bamboos  are  not  trees,  although  their  stems  or  culms  are  sometimes 
as  large  as  tree  trunks,  and  it  is  essential  that  their  character  as  gmsses 
be  kept  in  mind. 

They  have  the  power  of  producing  seeds,  which  resemble  (in  Japa- 
nese species,  at  least)  kernels  of  rice  or  barle^^  but  they  flower  jis  a 
rule  only  at  intervals  of  many  years,  and  very  few  of  the  flowers  ever 
form  seed.  The  formation  of  mature  seed  is  so  unconunon  in  Japan 
that  Mr.  Makino,  of  the  Tokyo  Bohmic  Gardens,  who  is  writing  a 
monograph  on  the  family,  says  lu»  has  never  seen  the  seed  of  cerfciiu 
of  the  common  species. 

In  the  almost  total  a})sence  of  the  method  of  reproduction  by  seini 
the  bamboos  have  developed  their  rhizomes,  or  underground  stems, 
and  it  is  upon  these  that  the  spread  and  nuiltiplication  of  the  individ- 
uals d(»pends.  Unlike  an  ordinary  tree,  therefore,  a  clump  of  bamboos 
has  undersfround  stems  in  addition  to  its  root  svstem.  A  mass  of  those 
creeping  rhizomes,  which  grow  out  in  various  directions  from  the  base 
of  the  clump,  give  rise  every  year  to  the  new  shoots  which  increase 
the  diameter  of  the  clump.  A  single  rhizome,  according  to  Dr.  Shiga, 
chief  of  the  })ureau  of  forest  management  in  Tokyo,  continues  grow- 
ing for  four  seasons  and  then  ceases,  but  from  the  bases  of  the  shoots 
it  produces  new  rhizomes  grow  out  which  have  a  similar  period  of 
growth.  If  these  underground  stems  or  rhizomes  are  injured  or 
checked  in  any  way  from  spreading  freely  through  the  soil,  the  clump 
of  atrial  shoots  will  I'emain  small;  but  if  given  rich  soil  and  abundance 
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of  moisture  a  few  plants  will  spread  gradually  until  they  cover  a  con- 
siderable area. 

The  new  shoots  of  bamboo  are  produced  by  different  species  at 
different  seasons  of  the  year.  The  majority  of  Japanese  species  send 
up  their  new  stems  in  the  spring,  beginning  in  April  and  May,  and 
it  is  these  sorts  that  stand  the  best  chance  of  succeeding  in  America, 
because  our  cold  winters  will  kill  baek  any  young  growth  produced 
late  in  the  summer. 

This  growing  period  is  the  most  critical  one  in  the  life  of  the  plant, 
as  the  shoots  during  development  are  easily  injured  by  winds,  frosts, 
or  droughts,  and  it  is  upon  the  growth  of  these  young  stems  that  the 
beauty  of  the  clump  during  the  summer  depends. 

If  one  examine  a  rhizdme  of  bamboo  (PI.  VI,  tig.  8)  it  will  be  se(»n 
to  have  at  short  intervals  partitions  or  nodes,  alx)ve  each  of  which  is 
situated  a  small  pointed  bud,  and  from  each  bud  arises  a  number  of 
fibrous  roots.  It  is  by  the  elongation  and  thickening  of  these  buds 
that  the  new  shoots  are  formed,  and  if  it  is  injured,  though  the  rhizome 
may  remain  alive  for  man}'  years,  it  will  not  produce  any  new  buds  or 
*4hoots  from  these  nodes. 

WhiMi  a  bud  at  the  node  of  one  of  the  underground  stems  has 
swollen  until  it  is  much  larger  in  diameter  than  the  rhizome  which 
supports  it  and  has  sent  down  a  immbef  of  good,  strong  roots,  it 
begins  to  elongate  and  push  its  way  up  through  the  soil.  Tough, 
overlapping  sheaths  protect  the  tender  tip  from  injury,  as  well  as  the 
undeveloped  branches  on  the  sideji  of  the  elongating  shoot.  These 
sheaths  are  lK)rne  on  alternate  sides  of  the  stem  bv  each  internode  or 
joint  (PI.  IV,  fig.  1),  and  are,  according  to  Sir  Ernest  Satow,  char- 
acteristic of  each  species.'*  They  are  tough  and  lioard-like,  man}'  of 
them,  often  covered  outside  with  tine  bristles  and  chamcteristically 
marked;  and  the  tip  of  each  is  provided  with  a  leaf-like  appendage 
called  pmeaibtphyll^  which  varies  in  shape  with  each  species.  These 
protecting  organs  remain  closely  attached  to  the  stem  until  it  has 
nearly  finished  its  growth,  when  they  stand  out  from  the  stem,  allow 
the  3'oung  branches  hidden  beneath  to  d(»velop,  and  finally  drop  off. 
In  some  species  the  sheaths  remain  attached  longer  than  in  others, 
and  in  ceiiain  species  they  never  drop  off,  but  gi^adually  dry  up  and 
break  to  pieces. 

Until  the  young  stem  has  attained  its  full  height  it  is  quite  branch- 
less, like  a  shoot  of  asparagus.  On  reaching  maturity,  however,  the 
sheaths  fall  back  and  the  young  bi-anches  elongate  and  unfold  their 
leaves.  Most  large  forest  bamboos  have  no  branches  near  the  ground, 
the  first  four  or  six  nodes  failing  to  produce  them.     When  grown  in 

«The  Cultivation  of  Bambootj  in  Japt^i),  Trans.  Asiat.  Socr.  Japan,  Vol.  XXVII, 
Pirt  III,  1899,     Price,  5  yen. 
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dense  masses  even  the  first  twenty  or  more  are  often  devoid  of 
branches.  The  smaller  the  shoot  the  more  likely  it  is  to  branch  from 
the  lower  nodes. 

The  leaves  of  bamboo  vary  greatly  in  size,  but  have  one  general 
lanceolate  form,  some  being  nearly  a  foot  long  by  6  inches  wide,  and 
suitable  for  wrapping  material;  but  the  majority  of  forest  forms  at 
least  have  leaves  from  2  to  6  inches  long,  Mr.  Mitford  points  out 
in  his  most  interesting  book,  ''  The  Bamboo  Garden,"  that  the  leaves 
of  all  hardy  species  in  England  have  not  only  the  parallel  longitudioai 
nerves  which  are  common  to  all  bamboos,  but  delicate  cross  nerves 
which  give  a  leaf  the  appearance,  when  held  up  to  the  light,  of  being 
covered  with  a  network  of  veins.  All  species  tested  by  him  which 
did  not  have  these  '^  tesselated"  leaves,  as  he  calls  those  leaves  with 
cross  as  well  as  longitudinal  veins,  proved  tender  in  England. 

Little  use  is  made  of  the  foliage  of  most  species  of  bamboo,  a  few 
only  being  used  for  fodder  where  better  food  in  not  obtainable.  One 
species  in  Hokkaido  is  said  to  be  browsed  over  by  the  few  cattle 
which  are  there.  When  first  produccKi  the  young  foliage  is  often  of  a 
dark-green  color,  but  as  it  becomes  older  it  changes  to  a  lighter  shade 
of  green,  and  on  very  old  culms  it  often  has  a  yellowish  tinge.  These 
differences  in  the  color  of  the  foliage  are  what  give  such  a  variable 
appearance  to  a  bamboo  forest. 

Although  produced  in  a  few  weeks,  a  stem  requires  three  or  four 
years  to  harden  and  become  fit  for  use,  and  if  left  standing  in  the 
forest  too  long,  or  until  it  becomes  ^^ellow,  it  loses  much  of  its 
elasticity.  Culms  that  are  twenty  years  old  have  lost  much  of  their 
beauty,  the  foliage  becoming  scant  and  the  stems  yellow  and  scarred. 

The  roots  of  the  bamboo  resemble  those  of  Indian  corn.  They  are 
brittle  and  easily  broken  and  are  never  of  any  great  size,  but  are 
formed  in  large  masses  from  the  nodes  of  the  underground  stems. 

PROPAGATION  OF  JAPANESE  BAMBOOS. 

If  Japanese  bamboos  produced  seed,  the  cheapest  and  safest  way  to 
propagate  them  would  be  by  importing  large  quantities  of  the  latter 
and  growing  them  in  seed  beds;  but  as  none  of  the  useful  si)ecies  beat's 
fruit,  except  at  very  long  intervals,  it  is  necessary  to  propagate  the 
plants  by  othei*  means.  Two  methods  have  been  practiced,  one  of 
which,  however,  is  only  used  to  a  limited  extent. 

The  safest  way  is  the  simple  one  of  digging  up  young  plants, 
separating  them  from  the  mother  clumps,  and  transplanting  them 
to  the  desired  situation.  This  method  seems  very  simple,  but  there 
are  sevei'al  essential  points  regarding  it  which  must  be  attended  to  if 
the  transplanting  is  to  prove  a  success.  If  the  transplanting  is  only 
from  a  forest  to  &,  location  near  by,  it  may  be  done  at  any  time  during 
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the  Rowing  season.  Tn  ^/apan  this  period  extends  from  April  ^  until 
July,  inclusive.  If,  however,  the  plants  are  desired  for  planting  in 
a  foreign  country,  America,  for  example,  they  should  he  du^  early  in 
April,  net  out  in  nursery  rows,  and  allowed  to  grow  until  tlie  inid<lle 
of  July.  Thase  which  in  July  show  a  new  growth  from  the  rhizome 
should  then  Y)e  transplanted  agsiin  into  the  same  kind  of  soil,  and  in 
October  they  will  be  in  condition  for  digging  and  shipment.  Mr. 
Tsuboi,  of  Kusaf  uka,  cuts  back  the  culms  on  his  young  plants  to  one  or 
two  nodes  when  he  fii*st  digs  them  in  April,  at  which  time  they  form 
a  rosette  of  leaves  near  the  ground  (PI.  VI,  fig.  1).  When  treated  in 
this  way  they  produce  small  plants  which  would  1k3  very  economical 
for  shipping,  as  the}^  require  little  l>ox  spac^e. 

Much  depends  upon  the  selection  of  the  young  plants  whether  or 
Dot  a  vigorous  clump  results  from  its  planting  in  a  few  years.  The 
mother  plant  should  be  inspected  to  see  if  it  Ls  in  good  health.  If  the 
branches  are  affected  by  what  is  known  as  "witches'  broom,"  which 
makes  gnarled,  irregular  tangles  of  the  small  branches,  young  plants 
should  not 'be  taken  from  them.  A  species  of  smut  (Ustilago)  some- 
times affects  the  young  branches  and  produces  an  appearance  similar 
to  that  of  the  witches'  broom,  but  this  is  less  abundant  than  the  former 
disease.  The  larva  of  a  species  of  beetle,  who.-e  habits  are  not  yet  f  ull}*^ 
known  so  far  as  could  be  ascertained,  sometimes  causes  considerable 
damage  by  boring  into  the  young  shoots  and  pen(»trating  through  seg- 
ment after  segment  of  the  young  growth,  stunting  the  culm  and  com- 
pletely ruining  it  for  timber  puri)oses  (PI.  VII,  tigs.  3  and  4).  A  young 
planl  in  bloom  is  considered  worthless  for  transplanting,  as  it  seldom 
gives  rise  to  new  shoots. 

The  proper  way  is  to  select  a  young  plant  with  branches  near  the 
ground  and  cut  down  with  a  spade  or  other  cutting  tool  on  all  sides  of 
the  base  at  a  distance  of  not  less  than  8  inches,  severing  the  rhizom(\s 
which  connect  the  plant  with  the  mother  clump.  Dig  out  a  good-sized 
l)all  of  earth  with  the  roots  inclosed  in  it,  shake  off  the  superfluous 
earth,  cut  back  the  stem  to  two  branch-bearing  nodes,  and  transfer  to 
a  nursery  row  (PI.  VI,  tig.  2).  If  no  rhizome  is  dug  up  with  the  plant, 
or  if  the  rhizome  is  dead,  the  plant  may  live  on  for  several  years,  a 
rosette  of  leaves  forming  at  the  top  of  the  stem,  without  the  foi-mation 
of  any  new  shoots  (PI.  VI,  fig.  2).  Mr.  Tsuboi  is  of  the  opinion  that 
plants  with  dead  rhizomes  will  live  for  seven  or  eight  years  and  appear 
perfectly  healthy.  The  plant  is  kept  alive  by  the  fibrous  roots,  but 
has  no  power  to  form  a  new  rhizome.  In  the  purchasing  of  plants 
from  nui'sery  companies  the  principal  point  to  ascertain  is  whether 
the  rhizome  is  alive^nd  in  vigorous  condition.  The  part  above  ground 
maj'  be  to  all  appearances  in  good  health,  while  the  rhizome  is  dead, 
making  the  plant  worthless. 

If  these  properly  dug  plants  which  have  been  set  in  nursery  rows 
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in  April  are  inspected  in  July  some  of  them  will  have  begun  the  for- 
mation of  new  shoots  from  their  active  rhizomes.  Plants  of  which 
the  rhizomes  show  no  signs  of  activity,  it  should  be  emphasized,  are 
probably  weak  and  should  not  ])e  chosen  for  the  second  transplanting, 
especially  if  designed  for  a  long  ocean  voyage.  In  October  the 
twice-transplanted  baml)oos,  hardened  by  this  tmnsplanting  process, 
are  dug  and  their  roots,  together  with  a  >>all  of  earth,  are  wrapped 
with  coarse  straw  twine,  surrounded  with  a  layer  of  moist  sphagnum, 
and  packed  carefully  in  well-aired  boxes.  All  holes  in  such  Iwxes 
should  be  carefully  closed  with  wire  netting  to  keep  out  rats  during 
the  voyage.  Very  little  foliage  should  be  left  on  the  plants  when 
they  are  shipped  in  this  way  (see  PI.  VI,  fig.  2).  Octolx^r  is  the 
best  month  for  shipping  from  Japan,  because  the  plants  have  by  that 
time  gone  into  a  dormant  condition  and  travel  safer,  and  the  extreme 
cold  weather  will  not  have  begun  before  they  reach  their  destination 
in  America. 

Even  with  these  precautions,  the  plants  on  arrival  after  a  sea  voyage 
require  special  attention.  Accx)rding  to  Mitford,  who  ha*s*had  much 
experience  with  their  importation,  they  should  not  bo  planted  out  in 
their  permanent  places  before  they  have  recovered  from  the  effects  of 
the  journey.  The  balls  of  earth  should  be  first  thoroughly  soaked  in 
water  and  the  plants  then  potted  and  placed  in  a  cool  house  for  the 
winter.  The  leaves,  or  bare  culms,  if  the  leaves  are  lost,  should  l)e 
copiously  syringed  twice  a  day,  but  the  roots  should  not  be  kept  too 
moist.  Early  in  Ma}^  the  plant^^  should  be  hardened  off  as  one  hardens 
off  gei'aniums  for  bedding  out,  and  at  the  end  of  May  or  beginning  of 
June  they  will  be  ready  to  plant  in  their  permanent  places. 

This  should  be  in  soil  which  has  been  especially  prepared  the  pre- 
vious autumn  by  double  digging  to  a  depth  of  18  inches.  In  setting 
out,  great  care  should  be  taken  not  to  trample  down  the  soil  too 
roughly  about  the  roots,  as  there  is  great  danger  of  injuring  the  brittle 
buds  on  the  rhizomes  or  the  tender  fibrous  roots.  It  is  test,  Mr. 
Mitford  says,  to  consolidate  the  plants  by  watering  freely.  After 
planting,  the  ground  should  be  thickly  covered  with  a  mulch  of  dried 
leaves  (PI.  II),  under  which  is  a  la^^er  of  cow  manure;  and  this  mulci 
should  be  kept  on  during  the  summer  months  to  allow  the  plants  to 
form  a  good  strong  system  of  underground  stems  and  fibrous  roots. 

The  above  method,  which  embodies  the  experience  of  such  students 
of  the  bamboo  as  Mr.  Mitford,  Mr.  Tsuboi,  and  Mr.  H.  Suzuki,  is 
probabl}'  the  safest  one  and  in  the  end  most  economical. 

It  haJi  heenfoxitid  unnecessary  hy  such  cultivators  as  Mr.  J,  McLann 
and  Mr,  JoTin  Rock^  of  California^  to  pot  the  plants  on  arrival  in  stich 
a  warm  climate  as  California,  They  are  merely  heel^  in^  given  plenty 
of  water ^  and  set  out  thefollmving  spring. 

The  other  method  of  propagation  is  to  dig  up,  in  the  winter,  lengths 
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of  1 -year-old  rhizome  3  feet  or  so  lonj^,  nil)  the  cut  ends  with  wet 
as«he.s^  allow  these  wet  ashes  to  dry,  and  pu-k  carefully  in  a  tij^ht  box 
in  tine,  ahnost  dry  soil  (PI.  VI,  fij^.  3).  l'iK)n  arrival  these  rhizomes 
are  :«et  out  in  properh'  prejmred  groiuid.  The  shipmt^nt  should  Ix*. 
time<i  to  arrive  at  its  de*itination  in  the  early  spring,  so  that  the  cut- 
Ungs  i*an  l)e  set  out  at  once.  This  method  is  recommended  by  Mr. 
Mitford  for  the  commercial  nursery  projMi^ation  of  the;  bamboo,  but 
he  dtH*s  not  advLse  its  employment  if  the  plants  are  to  1m*  shipped  lon^ 
dL*tance.*<,  and  the  author  has  failed  to  find  that  it  has  be(»n  su<'<*(\ssfully 
tried.  Mr.  John  Rock,  of  Niles,  Cal.,  thinks  bamlK>o.s  could  Iw 
pn»pagat4Kl  quickly  in  this  way. 

Even  with  the  Iwst  of  care  in  tmnsplantin^  by  the  first  des<'rilM»d 
ioetb<xl  the  Japanese  bamboo  growers  count  on  losing  at  h^ast  10  per 
i-ent  of  their  young  plants,  and  if  the  conditions  an*,  not  altogether 
favorable,  as  high  as  20  per  cent  of  failures  may  be  ex|KHti»d. 

8T7ITABLE  LOCATION  AND  SOIL  CONDITIONS  FOB  BAMBOOS. 

In  Jai>an  some  of  the  best  groves  are  su  rroundiKl  by  paddy  fiidds, 
and  the  soil  is  a  rich,  stiff  loam,  lightened  with  a  mixture  of  sand. 
Those  visited  by  the  writer  are  on  the  open  plain  and  stn^tch  u[)  and 
down  a  small  brook  for  5  miles  or  more.  Whatever  winds  blow  over 
this  small  plain  must  strike  the  forests,  but  it  is  safe  to  say  that  such 
wind^  are  not  strong  ones.  A  favorite  site  for  a  bamboo  grove  is  the 
bas4*  of  some  range  of  hills  or  a  broad  valley  where  home  mountain 
stream  has  brought  down  and  deposited  a  ma^js  of  alluvium.  These 
situations  have  the  double  advantage  of  suitable  soil  and  shelter  from 
strong  winds.  This  latter  point  is  said  by  every  grower  to  })e  an  impor- 
tant one,  for  the  young  shoot,  as  soon  as  it  is  tidl  enough  to  come  in 
contact  with  the  branches  of  the  older  ones,  is  thrashed  about  bv  the 
winds  and  its  growing  tip  is  injured.  This  injury  stops  its  growth  at 
once  and  the  resulting  culm  is  imperfect.  Wind-breaks  of  conifers 
are  tsometimes  planted  to  protect  a  grove  which  is  in  an  exposed  posi- 
tion. In  America,  w^here  the  prevailing  winds  arc  probably  as  a  rule 
stronger  than  they  are  in  Japan,  special  attention  will  have  to  be  given 
to  this  matter  of  wind-breaks. 

The  quality  of  the  soil  on  which  a  ))amboo  stc^m  is  grown  influences 
materially  the  texture  of  its  wood.  So  fully  is  this  realized  by  the 
Jajmnese  that  there  is  one  particular  mountain  side  which  has  the 
reputation  of  producing  the  hardest,  flintiest  bamboo  in  the  country. 
The  culms  grown  at  Togeppo  are  cut  up  and  made  into  the  cylindrical 
ash  boxes,  or  ''haifuki,"  upon  the  edge  of  which  the  smokers  strike 
their  metal-trimmed  pipes  in  order  to  knock  out  the  ashes.  After 
years  of  use  the  edge  of  the  Togeppo  ash  box  remains  smooth,  while 
that  made  from  a  stem  grown  in  the  lowlands  is  splintered  to  pieces. 
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Potash  and  phosphoric  aiMd  are  very  important  elements  in  the  for- 
mation of  a  strong,  tough  wood,  and  although  their  use  in  fertilize 
does  not  make  so  much  difference  in  the  rapid  growth  of  the  culm 
that  of  nitrogen  they  are  quite  as  important. 

A  well -d mined  soil  is  just  as  necessary  for  baml)oos  as  for  man^ 
trees,  for  although  these  plants  require  much  moisture  they  are  nol 
swamp  plants,  like  canes  or  reeds.     Land  which  is  occasionally  ovor- 
flowed  can  be  planted  to  advantage  with  bamboos,  according  to  M^r. 
Tsuboi,  if  they  arc  set  on  low  mounds  or  ridges;  but  stagnant  pools  of 
water  will  kill  the  rhizomes  if  allowed  to  stand  over  them  for  manjr 
weeks.     Embankments   of  canals,  the  borders  of  ponds,  and  rivor 
banks  are  suitable  situations,  especially  in  dry  regions.     Large  clumps 
are  growing  along  the  canals  in  Egypt,  and  Algiers  has  many  varieties 
growing  in  her  trial  gardens  which  are  watered  only  by  irrigation. 
There  are  in  California,  Oregon,  Texas,  and  throughout  the  Gulf  and 
Southern  States  thousands  of  suitable  locations.     The  banks  of  small 
streams,  the  deltas  of  rivers,  low,  irrigated  islands,  like  those  in  the 
San  Joaquin  and  Sacramento  rivers,  would  produce  big  forests  of 
these  valuable  plants,  while  the  banks  of  irrigation  canals,  wherever 
such  occur  in  mild  climates,  could  be  made  beautiful  by  them.     Any 
soil  which  has  a  large  admixture  of  gravel  in  it  does  not  prove  satis- 
factory, as  the  gravel  prevents  the  rapid  spreading  of  the  underground 
stems.     Such  compact  soils  as  the  gumbo  soils  of  the  Southwest  will 
probably  grow  the  plants  well,  but  they  will  presumably  not  spread 
as  rapidly  on  such  stiff  ground  as  they  would  upon  a  lighter  loam.     If 
it  is  the  object  to  produce  a  large  number  of  big  culms,  the  best  soil 
is  one   with  a  fair  admixture  of   vegetable  humus.     The  rhizomes 
spread  mpidly  in  such  hufnus  and  produce  a  fine  crop  of  new  shoots. 
As  the  roots  of  the  forest  species  penetrate  3  feet  into  the  soil,  the 
writer  is  assured  that  a  clay  subsoil  at  this  depth  is  a  desiiuble  soil 
condition.     In  the  cultivation  of  the  edible  bamboos  {Phylhtsta^^hys 
mit!.H)  a  lighter,  more  sandy  soil  seems  to  be  preferred  to  that  deemed 
suitable  for  the  timl)er  kinds,  I\  quilioi  and  P.  henmxU,     Most  bam- 
boos will  not  withstand  much  drought  without  losing  their  leaves,  but 
they  are  not  so  dependent  upon  a  moist  atmosphere  as  most  people 
imagine.     If  they  are  supplied  with  plenty  of  water  at  the  roots  their 
leaves  will  keep  green  in  a  fairly  dry  climate.     They  must  not  be  con- 
sidered, however,  as  drought-resistant  plants,  but  as  suitable  for  irri- 
gated land  or  regions  in  which  there  is  at  least  a  moderately  regular 
rainfall.     At  Niles,  Cal.,  Mr.  Rock  has  bamboos  20  feet  high  which  are 
watered  only  twice  a  year  with  about  2  inches  of  water  each  time 
(PI.  VUl). 
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JAPAJTSSE  MANAGEMENT  OF  BAMBOO  OBOVES. 

One  of  the  best  pasted  bamboo  growers  in  Japan  informed  the 
writer  that  twenty  years  ago  he  did  not  know  that  his  groves,  which 
were  then  in  a  neglected  state,  had  any  money  vahie,  but  that  to-day 
those  parts  of  his  farm  on  which  the  groves  are  situated  are  its  most  valu- 
able portions.  The  attention  which  he  Iwstowa  upon  them  now  is  very 
inexpensive,  but  almost  as  careful  as  that  given  to  any  other  of  his 
crops.  The  following  fore^st  methods  are  larg(»ly  those  which  Mr. 
Tsuboi  described  as,  from  his  experience,  the  best.  These  are  appli- 
cable with  slight  variations  to  the  three  principal  timber  )>amlKK)s  in 
Japan,  and  pertain  in  a  general  way  to  the  culture  of  the  ornamental 
species. 

The  land  chosen  for  a  bamboo  grove  should  be  dug  over  to  a  depth 
of  H  feet  the  autumn  previous  to  being  planted,  and,  if  a  heavy  soil, 
should  have  worked  Into  it  a  good  quantity  of  trash  from  the  stable. 
The  plants  should  be  set  out  at  an  equal  distance  from  each  other  at 
the  i-ate  of  about  300  to  an  acre,  or  12  feet  apart  each  way.  If  the  soil 
is  a  dry  one,  the  ball  of  earth  and  roots  should  be  planted  below  the 
surface  of  the  soil,  but  if  a  wet  one  a  mound  should  ))e  made  and  the 
plants  set  in  the  upper  portion  of  it.  After  planting  it  is  important, 
as  already  remarked,  that  the  soil  between  the  plants  should  be  given 
a  heavy  mulch  of  straw,  under  which  is  a  layer  of  cow  manure.  This 
mulch  should  he  maintained  during  the  entire  year.  In  the  beginning 
the  roots  should  l)e  supplied  with  an  abundance  of  water  and  in  the 
autumn  should  be  given  plenty  of  rotted  manure.  If  some  of  the 
plants  die,  they  should  be  replaced  by  others  so  Jis  to  maintain  as  com- 
plete a  stand  as  possible.  It  is  essential  as  the  new  shoots  spring  up 
that  the  ground  at  their  bases  should  be  shaded  by  the  foliage.  The 
semiobscurity  of  a  Japanese  grove  is  not  only  its  greatest  charm,  but 
one  of  the  necessary  factors  of  its  growth.  The  sooner  the  ground 
can  be  shaded  by  the  plants  the  better. 

For  the  first  three  years  at  least  all  the  shoots  that  appear  should  be 
allowed  to  mature,  but  after  the  grove  is  once  well  estal)lished  only 
the  largest  shoots  should  be  permitted  to  grow,  the  others  being  cut 
out  as  soon  as  they  api)ear  above  the  ground.  This  thinning  process 
throws  the  strength  of  the  plants  into  a  comparatively  few  large  culms, 
and  gradually  increases  the  height  and  strength  of  the  forest. 

In  regions  where  the  snows  are  so  heavy  that  they  breiik  down  the 
plants  the  practice  of  bringing  the  tops  of  several  (;ulms  together  and 
fastening  them  with  rope  is  sometimes  followed.  The  wigwam-like 
masses  formed  in  this  way  are  able  to  support  without  injur}-  the 
weight  of  snow. 

No  culm  should  be  cut  for  timber  purposes  until  it  is  at  least  four 
years  old,  as  before  this  time  the  wood  is  not  mature.     On  the  other 
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band,  if  left  standing  too  long  the  wood  becomes  too  l)rittle  and  loses 
in  value,  and  the  forest  besides  is  benefited  b}'  the  cutting  out  of  the 
four-year-old  stems.  The  crop  of  new  shoots  is  larger.  This  thinning- 
out  process  should  be  so  done  that  as  few  gaps  as  possible  are  made  ia 
the  forest  and  the  semiobscurit}'  ])elow  the  mass  of  foliage  is  main- 
tained. 

The  -crop  of  new  shoots  varies  in  size  every  alternate  year.  A  poor 
crop  would  mean  0  to  7  per  cent  of  new  shoots  and  a  good  crop  12  to 
14  per  cent.  As  there  are  commonly  1(>,000  culms  in  a  hectare'*  (or 
4,545  in  an  acre)  of  properly  planU^d  grove  ten  to  fifteen  years  old, 
this  would  mean  the  production  of  000  to  700  culms  per  hectare  for  a 
light  crop  and  1,200  to  1,400  for  a  heavy  one.  These  figures  were 
ver}"  kindly  furnished  the  writer  by  Dr.  T.  Shiga,  chief  of  the  impe- 
rial forest  management  in  Tokyo. 

The  experience  of  Mr.  Tsuboi  has  been  that  some  kinds  of  forest 
trees  if  standing  in  a  grove  prevent  the  growth  of  the  bamboos  near 
them.  Oaks  and  chestnuts,  he  declares,  arc  especiall}'  objectionable 
in  this  respect,  while  persimmons  do  not  seem  to  affect  in  the  least 
the  production  of  new  bamboo  shoots.  The  effect  of  weeds  in  a  forest 
is  undesirable,  and  although  comparatively  few  species  are  able  to  live 
in  such  a  deep  shade  these  should  l)e  dug  out  as  from  any  cultivated 
field.  Attention  to  these  various  details  makes  a  great  difference  in 
the  amount  and  quality  of  timber  produced.  A  grove  is  not  to  l)e 
looked  upon  as  merely  a  thicket  and  left  to  take  care  of  itself,  but  jis 
a  plant  culture  which  recfuires  attention.  Plates  II  and  III  show  the 
effects  of  different  methods  of  treating  parts  of  the  same  grove. 

One  imporhint  element  in  the  culture  of  this  peculiar  timber  plant 
is  the  fact  that  a  whole  forest  may  bloom  and  die  in  a  single  season, 
and  that  it  is  not  possible-  as  3^et — to  t(*ll  beforehand  when  this  bloom- 
ing will  take  place.  The  intervals  ))etween  these  periods  are,  however, 
so  long  that  they  are  not  taken  into  consideration  by  the  Japanese 
farmer  when  he  buys  a  bamboo  grove.  Little  accurate  information 
is  obtainable  regarding  the  length  of  life  of  the  various  Japanese 
species,  but  Phtjlhpxtacln/x  hmonis  has  the  reputation  in  Japan  of 
blooming  oftener  than  either  I\  (juHlnl^  I\  itntls^  or  1\  vlgra^  the 
other  three  important  timber  species.  A  small  grove  near  Kawasaki 
which  bloomed  this  season  (ltM)2)  was  rej)orted  by  the  owner  to  have 
once  bloomed  about  sixty  vears  b(»fore.  As  there  alwavs  remain  in 
the  field  a  num})er  of  living  rhizomes,  after  the  death  of  the  forest, 
these  renew  th(^  latt(»r  in  a  few  years,  so  that  the  actual  loss  to  the 
owner  do(\s  not  include  the  cost  of  replanting.  This  is  the  ca.se  at 
least  with  the*  Japanese  bamboos.  As  culms  which  have  bloomed  are 
poor  in  (luality,  the  practice  is  followed  of  cutting  them  as  soon  as 
possible  after  the}'  show  signs  of  bhxmiing. 

<>  About  2\  acres. 
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In  Japan,  where  bamlKK)s  and  rice  arc  often  grown  in  adjoining  plats 
of  ground,  some  trouble  is  experienced  from  the  underground  stems 
spreading  into  the  neighboring  iields.  To  prevent  this  a  ditch  2  feet 
wide  and  as  many  feet  deep  is  dug  about  the  grove  and  kept  open  by 
several  rediggings  during  the  year.  This  method  is  said  to  be  a  satis- 
factory one.  It  is  a  difficult  matter,  however,  after  a  field  has  once 
been  planted  to  bamboos,  to  clear  it  satisfactorily  for  other  crops,  for 
there  is  a  mass  of  these  tough  rhizomes  that  are  very  difficult  to  dig 
out. 

The  harvesting  of  bamboo  iK>les  is  not  done  before  August,  as 
culms  cut  earlif>r  than  this  date  are  likely  to  be  atttu'ked  by  insects, 
not  having  had  time  to  sufficiently  harden.  A  Kyoto  grower  of  black 
bamboos  remarked  that  the  Kobe  exporters,  by  insisting  on  having 
their  Ijamboos  for  export  cut  earlier  than  this  date,  had  seriously 
injured  the  foreign  demand,  as  the  quality  of  the  wood  was  much 
injured  by  this  early  harvest. 

A  saw  is  often  used  in  cutting  the  shoots,  by  making  cuts  on  oppo- 
sitii  sides  of  it  near  the  base.  When  cut,  the  poles  are  classified,  tied 
into  bundles,  and  stacked  like  hop  or  bean  poles  to  dry.  In  the 
lumber  yards  of  Japan  these  stacked  {K)les  of  bamboo  form  a  promi- 
nent feature. 

PROFITS  OF  BAMBOO  CXTLTTJBE  IN  JAPAN. 

Dr.  Shiga,  chief  of  the  bureau  of  forest  management  of  Japan, 
when  asked  whether  bamboo  growing  was  profitable  or  not,  said 
promptly  that  it  was  the  best  paying  plant  culture  in  the  country, 
yielding  a  net  return  of  250  yen  per  hectare,  which  is  the  o<iuiva!ent 
of  about  $50  gold  per  acre.  The  species  referred  to  by  Mr.  Shiga  in 
this  case  was  the  edible  one.  Twenty  \>qv  cent  of  this  amount  repre- 
sents the  profits  from  the  sale  of  edible  shoots.  Mr.  Tsu})oi's  profits 
on  his  groves  of  PhylUmtachys  qnlllo!^  a  strictly  timber  species,  aver- 
aged $20  an  acre,  while  those  of  one  of  his  friends  near  Kyoto  were 
$4:0.  The  profits  of  a  good  grove  of  edible  bamboo  are  evidently 
greater  than  those  from  one  grown  for  timber  only,  and  the  author 
was  informed  by  one  of  the  best  bamboo  growers  near  Kyoto  that  his 
profits  per  acre  were  about  $00  on  land  which,  cleaned  of  bamboo, 
would  not  bring  more  than  $S0,  while  good  rice  land  sold  for  $200. 
A  .second  grower  of  bamboos  near  K3'ot(),  who  ships  for  the  export 
trade  from  Kobe,  informed  the  writer  that  the  culture  in  his  ])rovince 
of  PhyUoHiavhifH  qulHol  yields  a  net  in(!onie  of  about  $40  ])er  acre, 
while  J\  henonis  brings  in  only  about  $30.  Five  years  ago  the  black 
bamboo  brought  in  a  profit  of  $200  per  acre,  but  now  scarcely  nets  $50. 
Rice  culture  in  this  region,  according  to  Mr.  Tsuboi,  barely  pays  more 
than  for  the  cost  of  labor  and  manure,  the  former  reckonc.^d  at  35  to 
40  sen,  or  17i  to  20  cents  gold,  a  A^y.     All  of  these  figures,  however, 
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have  no  practical  bearing  on  the  profits  of  bamboo  growing  in 
America,  where  a  market  for  the  culms  can  only  be  made  after  a  con- 
stant reasonable  supply  has  been  assured. 

The  ('ost  of  the  attention  which  is  necessary  in  order  to  grow  bam- 
boos is  so  much  less  than  that"  required  for  rice  growing,  suitable  land 
is  so  much  cheaper,  and  so  much  less  risk  is  run  from  bad  weather, 
that  the  statement  that  it  is  the  l)est  paying  culture  in  Japan  seems 
correct,  and  such  inquiries  ti»nd  to  confirm  it. 

CXTLTUBE   OF  THE  EDIBLE  BAMBOO. 

Onlj'  one  species  of  bamboo  is  commonly  grown  in  Japan  for  food, 
and  this  is  the  largest  one  {PhylloHiaehyx  viltia)^  known  as  ''Mo-so."*" 
It  was  introduced  from  China,  where  its  value  as  a  food  plant  has  }>een 
known  for  centuries,  and  its  connnon  name  indicates  its  origin.*'  One 
other  sort,  1\  anrea^  is  also  said  to  have  edible  shoots,  but  those  of 
the  remaining  kinds  are  understood  to  be  too  bitter  to  l>e  eaten. 

The  method  of  cultivating  this  species  differs  from  that  described 
for  the  timber  sorts.  The  best  soil  is  a  more  friable  one,  and  if  not 
naturally  with  a  good  admixture  of  sand  it  must  be  top  dressed  every 
year  with  1  inch  of  light  sandy  loam  and  a  mulching  of  stiuw  or  grass 
and  weeds  cut  from  the  meadow.  The  young  plants  are  set  out  more 
sparsely  than  if  designed  for  timber,  not  more  than  120  to  the  acre. 
Liquid  manure  is  given  freely  to  the  newl}'  set  out  plants,  and  as  long* 
as  they  are  grown  for  their  edible  shoots  large  amounts  of  rich  ferti- 
lizer containing  much  soluble  nitrogen  must  be  supplied  them.  In 
Japan  the  cost  of  the  fertilizer  is  the  principal  expense  of  cultivation. 
In  five  years,  if  the  transplanted  mother  plants  are  of  good  size,  they 
should  yield  shoots  large  enough  for  sjile,  but  ten  ye^rs  are  i-equii-ed 
to  bring  the  plantation  into  a  profita)>lc  ])earing  condition.  Weedin^i^ 
is  done  more  carefull}'  than  in  timber  groves,  though  for  the  fii'st 
five  or  six  years  all  the  shoots  which  come  up  are  allowed  to  stand; 
but  later,  when  the  plantation  is  established,  all  small-sized  ones  are 
promptly  removed  as  soon  as  they  appear  above  ground.  In  order  to 
obtain  a  supply  of  fresh  (^ulms  a  regular  S3\stem  in  cutting  out  the  old 
ones  is  followed.  A  definite  number  of  selected  stems,  as  soon  as  they 
are  fully  grown,  are  marked  with  the  year  of  their  production,  and 
nine  years  later  all  of  those  bearing  the  same  date  are  cut  out.  E^h 
spring  the  same  number  (about  SO  per  acre)  of  new  culms  are  spared 
from  }>eing  dug  out  when  small  for  market,  and  eiu^h  autumn  a  similar 

"  Moso  is  the  name  of  one  of  the  twenty-four  paragonB  of  Chinese  filial  piety. 
The  Htory  in  the  ca«e  of  a  lx)y  whose  widowtnl  mother  fell  ill  and  longed  for  broth 
made  of  young  bamlnjo  shoots.  The  shoots  not  l)eing  procurable  in  winter,  his  devo- 
tion was  such  that  he  went  out  in  the  snow  to  dig  for  them.  The  gtxis  rewarded  hifl 
devotion  by  ciiusing  the  shoots  to  grow  suddenly  to  an  iinheiinl-of  size.  Japaneee 
artistM  are  fond  of  illustrating  their  works  of  art  with  drawings  of  the  Iwy  Mo60. 
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number  of  9-vear-old  stems  are  cut  and  sold  for  timber.  These  are 
only  a  small  proportion  of  the  total  number  of  bamboos  on  an  acre, 
for  this  ranges  from  040  to  680.  If  this  s^'stem  of  thinning  out  is  fol- 
lowed a  plantation  may  be  kept  in  bearing  almost  indetinitel}-.  Near 
Kyoto  the  practice  is  followed  of  cutting  off  the  top  of  every  shoot 
left  standing,  before  it  is  fully  mature,  to  a  height  of  from  12  to  14 
feet.  This  prevents  the  wind  from  moving  the  culms  too  much  and 
induces  the  formation  of  a  bushy  mass  of  luxuriant  foliage  and  a  great- 
number  of  medium-sized  shoots,  which  are  more  profitable  than  the 
few  larger-sized  ones  that  result  if  the  mother  plants  are  not  topped. 

The  tenderest  shoots  and  those  which  bring  the  highest  prices  are 
the  ones  dug  up  before  their  tips  have  pierced  the  surface  of  the  soil. 
The*40  bring,  early  in  the  season,  as  much  as  1  yen  i>er  ''kwan  "  (aliout 
6  cents  gold  per  pound),  while  the  later  product  must  sometimes  1h» 
disposed  of  for  a  tenth  of  this  price.  The  market  season  in  Tokyo 
begins  in  December  and  closes  in  June.  Although  bamboo  sh(X)ts  are 
very  nutritious,  they  are  not  easily  digested,  and  many  Americans  do 
not  like  them  for  this  reason.  Old  residents  in  Japan,  however,  often 
grow  very  fond  of  them  and  have  adapted  them  to  their  Western  menu. 

Miss  Fanny  Eldredge,  of  Yokohama,  has  very  kindh'  furnished  the 
following j'ecipe^  for  cooking  bam Ikk)  shoots: 

1.  ^Bamboo  sprouts  wiih  cream  sauce, — Theee  sproutfl  are  cut  when  a))ont  a  foot  alxive 
the  ground,  by  digging  down  to  the  rhizomes  which  l)ear  them.  After  l>eing  gath- 
ered, the  oatside  sheaths  are  removeil  and  the  shootn  are  soaked  for  half  an  hour 
in  cold  water.  They  are  then  cut  in  thin  slices,  alK>ut  3  inches  long  l)y  1  inch  s<}uare, 
and  thrown  into  boiling  water  containing  a  small  teasijoonful  of  salt,  and  are  UiiliHl 
from  an  hour  to  an  hour  and  a  half,  or  until  tender.  The  pieces  are  then  draintnl 
and  a  white  aance  is  poured  over  them,  which  is  made  in  the  following  way:  To  a 
ludf  pint  of  cream  or  milk  add  a  teaspoonful  of  butter;  season  with  salt  and  blairk 
pepfter.  Allow  this  to  boil  up  and  serve  at  once.  If  desire^l,  this  sauce  may  l)e 
thickened  with  flour. 

2.  Bamboo  shoots  in  //u//^r. —Slice  and  cook  as  in  the  previous  reciiw,  until  tender. 
Into  a  saucepan  put  three  tablespoon fuls  of  butter,  seasrmcil  with  (Hipper,  salt,  and  a 
little  choi»ped  parsley.  When  heate<l,  put  in  the  baml>oo.  Shake  and  turn  until 
the  mixture  boils;  then  lay  the  bamlxx>  on  a  hot  platter,  pour  the  butter  over  it,  and 
serve  at  once. 

3.  Bamftoo  fttiools^  Japanese  style. — Slice  and  cook  the  Iwmboo  until  tender,  as  in 
recipe  No.  1;  then  put  into  a  sauce  made  as  follows:  Take  one  coffee  cup  full  of  soy 
sauc^  (this  is  the  basis  of  Worcestershire  sauce  and  obtained  only  at  Chinese  or 
Japanese  grocers  or  at  some  of  the  largest  groceries  in  our  large  cities),  one-fourth 
cupful  of  water,  one  heaping  teaspoonful  of  sugar;  let  boil  for  half  an  hour  in  this 
aaoce,  and  serve. 

BIFFEBENT  SPECIES  OF  BAMBOOS. 

The  bamboo  family  is  a  large  one  and  scattered  over  a  fi^reat  portion 
of  the  warmer  and  mountain  regions  of  the  globe,  and,  owing  to  the 
fact  that  the  plants  so  infrequently  bloom  and  that  their  classification 
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depends  upon  the  characters   of   the   flower,  it  is  not  a  very  \%ell- 
known  group  of    plants.     The    monograph   by  Munro^  is   one    oiF 
the  most  comprehensive  attempts  to  give  in  one  book  devscription*!^ 
of  all  of  the  known  species.     Of  the  hundreds  of  described   fornifis 
only  a  small  proportion  are  of  much  economic  importance,  and   of 
these  only  a  few  are  hardy.     When  the  interior  of  China,  the  slop&s^ 
of    the  Himalayas    and    Andes,   and   the  mountains  of   the   Mala^'- 
Archipelago  have   been   searched    over   for    valuable  hardy  foriii«^ 
the  comparative!}' short  list  of  species  siiitjible  for  introduction  will 
doubtless  be   largely  increased.     Anyone  wishing   to   know  what   «. 
large  territory  there  is  to  search  over  for  hardy  bamboos  and  how 
many  remain  to  be  introduced  and  tested,  will  find  these  subjects  dis- 
cussed in  a  very  interesting  chapter  called,  ''Future  possibilities,'*"'  in 
Mr.  Mitford's  book,  ''The  Bamboo  Garden."     Nor  should  attention 
be  confined  to  the  hardy  forms,  when  the  tropical  species  are  so  man3r 
and  various  and  have  been  so  little  studied  from  an  economic  stand- 
point.    There  are  forms  in  Burma  which  could  doubtless  be  introduced 
with  great  advantage  into  the  Philippines,  and  species  from  the  semi- 
tropical  regions  of  China  which  are  worthj'^  of  establishing  in  Hawaii. 
In  fact,  the  more  familiar  one  becomes  with  the  bamboo  question  the 
truer  does  Mr.  Mitford's  statement,  from  the   aesthetic  iitandpoint, 
appear,  that  "we  have  only  touched  the  fringe  of  what  we  ma}^  hope 
to  achieve  in  the  decoration  of  our  wilderness  gardens  with  the  giuce 
of  these  royal  grasses." 

At  present,  onl}^  a  limited  number  of  forms  are  eligible  for  intro- 
duction into  the  United  States,  and  the  majority  of  these  are  found  in 
Japan. 

The  following  popular  descriptions  of  the  more  important  economic 
sorts  are  given  to  assist  in  determining  those  common  species  which 
may  be  introduced  in  the  near  future,  or  which  are  already  growing  in 
America.  The  nomenclature  followed  is  that  given  by  Mr.  Mitford 
in  his  "Bamboo  Garden,"  except  in  such  species  as  are  not  included 
by  him,  when  Sir  Ernest  Satow's  work,  "The  Cultivation  of  BanilK)os 
in  Japan,"  is  followed.  This  is  not  an  attempt  to  clear  up  the  nomen- 
clature of  these  badly  mixed  species. 

The  different  common  species  of  Japanese  bamboos  which  reseni]>le 
each  other  have  been  so  often  tiken  for  one  another  that  a  convenient 
method  of  telling  them  apart  is  a  very  desirable  thing.  Such  a  method 
Sir  Ernest  Satow  has  drawn  attention  to  in  his  book.  It  consists  in 
comparing  the  forms  and  markings  of  the  sheaths  that  surround  the 
young  shoots  and  in  the  leaf  like  appendages  or  pseudophylls  which 
arc  borne  at  their  tips.     He  has  published  colored  plates  to  illustrate 

«  Monograph  of  the  Bambusaceio,  including  descriptions  of  all  the  species.     J^ndon, 
1S70,  157  pp. 
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thpse  characters.  The  difficult}'  in  iisini^  them,  however,  is  that  the 
sheaths  are  only  obtainable  in  the  season  when  there  are  young  shoots. 
Mr.  Mitford  points  out  that  the  form  and  coloration  of  the  winter 
bods  in  the  axils  of  the  branches,  from  which  new  branches  develop, 
are  important  means  of  distinguishing  the  species.  The  characters 
which  determine  whether  a  bamboo  belongs  to  the  BavJf^iMa^  Phyl- 
hmfarhi/f<^  ^^  Arnndmnria  genera,  which  are  all  it  is  necessary  to  con- 
Mder  here,  are  unfortunately  largely  floral  ones  and  for  pi'at'itical 
purposes  nearly  useless.  The  genus  liamhuHa  })elongs  to  a  section 
{B^nn^ftMrf  vent)  in  which  the  flowers  have  six  stamens,  while  Pfnjllox- 
hif'fn/a  ^in\  Artnidmaria  both  })elong  to  the  Tr!(jloHHir  nox^ixow^  where 
the  flowers  have  three  stamens.  ATwiidimirhi  is  distinguished  from 
PhjlU>!<iachyi<  by  having  round  stems,  while  those  of  the  latter  are 
grooved  or  slightly  flattened  on  one  side.  The  sheaths  in  Armidinana 
remain  attached  much  longer  than  in  PhylUmtachyH^  as  a  rule  those  of 
the  latter  genus  dropping  off  as  soon  as  the  culms  are  mature. 

Phyllostachys  Mitis,  a.  &  C  Riviere. 

(Japanese  name:  **Mom-ehiku^*  or  ^^ Mouuto-chiku/*) 

The  largest  hardy  species  in  Japan,  growing  to  a  height  of  over  50 
feet  and  producing,  not  uncommonly,  culms  over  6  inches  in  diameter. 
In  England  specimens  have  been  grown  to  a  height  of  19  feet  and  a 
diameter  of  1^  inches.     The  culmi<  are  gently  curved  shortly  after  hdv- 
hifj  the  (jround^  while  those  of  other  sorts  with  which  it  might  be  con- 
fused rise  straight  from  the  base.    (Compare  figs.   1  and  3,  PI.  IV.) 
Its  sheaths  are  of  a  light-brown  color,  inarJced  v)!th  dark  umher-hr<nnn 
hlotche^  and  round  d^fts  and  covered  with  bristles.     The  p>eudophyll  is 
broad  at  the  base,  tapers  to  a  point,  hut  is  iiot  wavy  in  outline.    The  sheath 
spreads  right  and  left  from  the  base  of  the  pscudophyll  and  is  fringed 
throughout  with  hairs,  which  are  straight  when  they  lie  between  the 
pseudophyll  and  the  stem,  but  curled  on  the  right  and  left  sides  where 
the\'  are  free  to  develop.     The  intcrnodes  arc  generally  shorter  than 
those  of  the  other  large  species  and  the  leaf  sheaths  are  fringed  at  the 
insf^'tu/n  of  the  l<  af  with  a  iiuniher  of  rather  coa7'se  hairs.     The  branch 
buds  are  purplish  brown  and  strongly  marked.     The  leaves  vary  from 
1  to  ()  inches  in  length  and  are  too  variable  to  be  convenient  characters 
for  quick  determination.     This  is  the  great  edible  bamboo  of  Japan 
and  China,  the  method  of  cultivation  of  which  has  been  described.     It 
is  not  as  hanly  in  England  as  PhylloHtarhyn  /juilioi  mid  ]\  hrnrmis, 

PuYLLOSTAC^HYS  QuiLioi,  A.  &  C.  Ilivierc. 

(Japanese  name:   ^^ Mudake.^') 

Tlie  second  largest  hardy  species,  growing  to  a  height  of  30  to  40 
feet  in  Japan  and  18  feet  in  England,  with  a  diameter  of  4  inches  and 
U  inches,  respectively.     The  great  timber  bamboo  of  the  Japanese. 
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sbootH  is  one  of  the  prettiest  effects  imaginable.  The  species  g^rowl 
occasionally  over  30  feet  high  in  Japan  and  specimens  5  to  0  feet  lii^H 
are  already  found  in  England,  where  the  spo<»ies  has  withstood  a  t45in-! 
perature  of  24  degrees  of  frost  or  8'-"  F.  It  is  not  a  common  specieii 
even  in  the  gardens  of  Japan,  and  Mr.  Mitford  says  it  is  uncommon  iui 
England.  Very  young  plants  sometimes  show  only  slight  traces  of 
the  variegation  on  the  stems,  but  develop  this  charactc^T  later. 

Mr.  Tsuboi,  who  has  the  most  exceptional  taste  in  bamboos,  and  in 
the  dwarfing  of  which  he  is  an  acknowledged  connoisseur  (see  PI.  VII, 
fig.  1),  suggested  planting  a  mixture  of  this  golden  baml)oo  w^ith  the 
black  species,  1\  nUjra,  As  a  rule,  mixtures  of  bamboos  are  sjiid  to 
be  objectionable,  but  such  a  mingling  of  golden  and  black  stems  ia 
worthy  of  an  experiment. 

Phyllostachys  Aukka,  a.  &  C.  Riviere. 

(Japanbhe  nambh:  ^* Ifotei-chihi,**  *^  II6rai-Chikii,^*  or  ^''Tailpo-ChikiiJ*) 

A  smaller  species  than  J\  inittH  or  P.  qulllol.^  but  attaining  in  Eng- 
land a  height  of  14  feet  and  a  diameter  of  culm  of  over  three-fourths 
of  an  inch.  In  Japan,  culms  have  been  observed  over  1^  inches  in 
diameter.  It  is  not  a  golden  bamboo,  as  its  name  implies,  its  stcmn 
being  about  the  color  of  I\  mltlH,  The  distinguishing  characteristic 
is  that  the  first  5  or  6  internodes  near  the  ground  are  very  short, 
bringing  the  internodes,  or  joints,  close  together,  often  only  a  few 
inches  apart.  These  joints  are  not,  as  in  ]\  Juierocycla^  set  at  an  angle 
to  the  direction  of  the  stem,  but  are  generally  pamllel  to  each  other 
and  quite  horizontal.  Branch  buds  are  variable  in  color,  but  pale.  Mr. 
Mitford  remarks  that  this  spi^cies  should  be  planted  in  large,  bold 
masses  for  good  landscape  effect,  for  if  single  plants  are  set  out  they 
send  up  shoots  only  near  the  mother  culm  and  produce  a  switch-like 
effect.  The  shoots  of  this  species  are  edible,  according  to  the  Japanese 
books,  and  are  of  even  better  flavor  than  those  of  P,  viUis;  but  this 
variety  does  not  appear  to  be  grown  for  food. 

Phylix)8taciiys  Bambusoideh,  Sieb.  &  Zucc. 

(Japankse  name:  ''laAUY.") 

The  arrow  bamboo  is  that  of  which  the  stems  are  still  employed  in 
the  manufacture  of  the  tine  Japanese  arrows  used  generally  for  archery 
purposes.  The  plant  is  still  a  rare  one  in  England,  and  Mitford  sa3^s 
that  other  sorts  are  sometimes  sold  by  Japanese  nurserymen  under  its 
name.  It  is  not  very  commonly  seen  in  gardens,  so  far  as  obSei'ved, 
even  in  Japan,  and  the  arrow  makers,  it  is  said,  get  their  main  supph' 
of  stems  from  wild  plants.  There  are  some  of  these  manufacturers  in 
the  town  of  Shizuoka,  but  the  demand  for  arrows  is  so  small  that  they 
are  doing  a  poor  business.     This  species  is  distinguished  from  others 
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by  the  fact  that  it  does  not  have  an  actively  creeping  rootstoek.  Each 
plant  forms  a  sejjarate  small  clump  by  itself.  The  branche.^  are  shorter 
than  the  internodes  and  the  middle  branch  of  the  three  is  longest, 
whereas  in  other  bamboos  the  middle  branch  is  the  shoi-test — some- 
timi^  wanting.  Clumps  of  this  form  grow  to  10  or  12  feet  in  height 
in  Japan^  with  a  diameter  of  little  over  three-fourths  of  an  inch.  The 
internodes  are  long,  and  the  sheaths,  although  withering  the  first  year, 
do  not  fall  off  until  the  following  year.  They  are  ])right  green  in  (»olor, 
with  a  purple  edging.  The  leaves  are  large,  sometimes  over  12  inches 
long  by  li^  inches  broad,  and  are  borne  in  fours,  fives,  sevens,  or 
eighth.  The  hardness  of  the  culms,  their  small  cavity,  and  the  smooth- 
ness of  the  nodes,  as  well  as  their  small  size,  are  characteristics  that 
well  adapt  them  for  arrow  making.  This  is  Ix^lieved  to  })e  a  hardy 
species,  and  it  is  quite  unlike  the  ordinary  banil)oos  in  appearance. 

PHYLiiOSTAOHYS  Marliacea,  Mitford. 

(Japanehk  NAMK8:  *' Shif)i}-chiku**  or  ^SSVi/iivr-r/ii/rM.") 

The  *'  wrinkled  Immboo"  is  easily  distinguished  from  all  other  kinds 
by  the  fact  that  its  culms  are  longitudinally  channeled  with  shallow 
grooves.  It  is  a  low-growing  species  compared  with  J\  (julHo!^  which 
it  othci*wise  resembles,  not  being  commonly  over  12  to  1-1  feet  high, 
even  in  Japan.  It  is  a  rare  kind,  and  its  culms  are  used  occasionally, 
it  is  said,  for  decorative  woodwork  in  the  special  rooms  which  in  many 
Japanese  houses  are  kept  sacred  for  the  tea-drinking  ceremony.  A 
beautiful  and  hardv  fonn. 

Arundtnaria  Japonica,  Sieb.  &  Zucc. 

(Japanbhb  name:  **  Mftake^^  or  MhUike;*^  not  '^  Makade.^^) 

A  well-known  bamlioo  in  Europe,  where  it  is  not  verj'  highl}'  thought 
of  by  some,  but  is  praised  as  a  valuable  decorative  plant  by  others.  A 
form  distinguishable  by  its  pei*sistent  sheaths  which,  instead  of  falling 
off,  like  those  of  the  genus  PhyllodacJiys^  remain  attached  until  they 
become  frayed  out  and  split  to  pieces.  These  ragged  sheaths  give  to 
clumps  of  the  plant  an  untidy  appearance.  The  cuhns  are  round  and 
without  any  groove  or  flattening  on  one  side,  as  is  the  case  with  the 
Phyllostachides.  The  pseudophylls  of  the  ordinary  sheaths  are  very 
narrow,  sometimes  not  over  an  eighth  of  an  inch  wide,  and  from  1  to  2 
inches  long;  but  those  of  the  topmost  sheaths  develop  into  true  leaves. 
The  leaves  themselves  are  large,  8  to  12  inches  by  1^  to  2  inches. 
This  is  said  to  be  the  hardiest  species  in  Japan,  growing  as  far  north 
as  the  island  of  Hokkaido,  where  the  temperature  falls  below  zero 
Fahrenheit.  Its  culms  are  extensively  used  for  fan  making,  and 
Baillions  of  cheap  pai)er-colored  fans  are  made  every  year  from  the 
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Htenis  of  this  species.  River  batiks  and  the  margins  of  ponds  and 
canals  are  eminently  suited  to  its  growth,  and  the  overflowed  lands 
of  the  Colorado  River  in  Arizona  might  be  planted  to  advanta^ 
with  this  species.  This  bamboo  is  one  of  the  few  that  has  flowei"ed 
and  fruited  in  Europe.  According  to  Mr.  Mitford,  specimens  in  the 
Bois  de  Bologne  in  Paris,  and  simultaneously  all  over  France  and  in 
Algiers,  bloomed  and  produced  fruit  in  1867  or  1868. 

Arundinaria  Simoni,  a.  &  C.  Riviei*e. 

(Japanese  name:  ^^Narihiradake.^*) 

This  species  is  easily  distinguished  by  its  broad,  persistent  sheaths 
of  a  plain  straw  color  that  fall  off  only  after  the  culms  have  attained 
maturity.     (PI.  V,  fig.  1.)     It  is  the  tallest  of  the  hardy  arundinarias 
which  are  grown  in  England,  the  culms  attaining  a  height  of  18  feet 
and  a  diameter  of  an  inch.     The  shoots  appear  from  midsummer  until 
late  in  the  autumn,  and  Mr.  Mitford  remarks  that  many  do  not  mature 
sufficiently  to  stand  the  English  winters.     The  sheaths  nearest   the 
ground  are  short,  though  long  enough  to  overlap  the  internodes,  but 
those  of  the  upper  joints,  although  8  to  10  inches  long,  do  not  exceed 
the  internodes  in  length.     They  are  at  first  of  a  fine  green  color,  shad- 
ing into  purple,  which  soon  fades,  however,  to  a  dull  yellow.     The«e 
prominent  sheaths,  which  are  thick,  stiflf,  and  beautifully  glazed  on 
the  side  next  the  culm,  will  easily  distinguish  this  arundinaria  from 
any  other  common  Japanese  fonn.     The  species  has  flowered  and 
fruited   in   England,  and   it  is  quite  universally  grown   in   English 
gardens.     A  long  description  of  it  is  given  by  Mr.  Mitford  in  ''The 
Bamboo  Garden." 

Arundinaria  Hindsii,  Munro. 

(Japanese  name:  '^Kanzan-ehiku.**) 

The  Kanzan-chiku  is  a  very  common  garden  plant  about  Tokyo,  and 
clumps  of  it  arc  to  be  found  in  many  of  the  farmyards  in  central 
Japan,  where  the  culms  grow  to  a  height  of  18  feet  and  attain  a  diam- 
eter of  over  1^  inches.  This  species  forms  pretty  clumps,  with  a  fine 
giuss-like  foliage,  and  although  little  farm  use  is  made  of  it,  it  is 
worthy  of  trial  as  an  ornamental.  Its  hardiness  has  not  been  demon- 
strated in  England,  but  it  seems  likely  to  prove  as  hardy  as  forms  like 
I\  mitis.  It  is  distinguished  from  the  preceding  arundinarias  by  its 
long,  narrow  leaves,  sometimes  1)  inches  by  five-eighths  of  an  inch, 
according  to  Mr.  Mitford.  The  sheath  is  provided  with  a  reddish 
margin  toward  the  tip. 
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Arundinaria  HiNDSii,  var.  Gra^hnea. 

(Japaxbse  name:  ^*  Taimin-chikit.*^) 

A  sort  similar  to  the  foregoing,  but  with  considembly  narrower 
leaves  and  a  longer,  narrower  sheath,  with  no  evidences  of  a  brown 


margin. 


Bambusa  Veitchii,  Carr. 

{Synonym:  Arundinaria  veitchii.    Japanese  name:  ** Kokumautm;"  sometimes  only 

'*  A'Mwcrzrwr.") 

The  Kumazasa,  by  which  is  generally  meant  BamhuMu  palmata^  and 
this  B,  veitchii  are  sometimes  confused.  The  latter  mav  be  dintin- 
guLshed  by  the  fact  that  iti^  leaf  margins  wither  in  late  autumn  and 
make  the  plant  look  as  if  it  were  variegated.  B,  veitchii  is  further- 
more, as  a  rule,  only  about  2  feet  high,  whereas  B,  pabnata  grows  to 
5  feet  in  height.  The  sheath  of  B.  veitchii  is  said  by  Sir  P^mest  Satow 
to  be  longer  and  more  persistent  than  that  of  B.palmata.  The  leaves 
of  B.  reltehll  are  much  smaller  than  those  of  its  taller  relative  and 
wan*ant  the  name  of  ^'Kokumazasa,"  or  lesser  baml)oo.  This  species 
is  suitable  for  lawn  planting  and  is  used  by  the  Japanese  to  plant 
under  their  pine  trees  and  to  cover  with  a  thick  mat  of  green  foliage 
a  sloping  hillside  or  embankment,  for  both  of  which  purposes  it  is 
admirably  adapted  (PI.  V).  It  must  be  kept  from  spreading  into  cul- 
tivated ground  by  means  of  a  broad  ditch,  2  feet  deep  and  li  feet 
Vide.  The  variegated  effect  produced  by  the  dead  margins  of  the 
leaves  after  being  touched  by  frost  is  striking,  though  not  very 
attractive. 

Bambusa  Palmata,  Hort.  Ex.  Kew  Bull. 

(Japanese  name:  *' Kumazasa.^*) 
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A  much  larger  species  than  the  preceding  and  with  leaves  12  to  13 
inches  long  instead  of  5  to  6  inches.  Altogether  one  of  the  most  effective 
plants  for  embankments,  as  it  covers  them  with  a  mass  of  broad  leaf 
surface  which  is  very  attractive.  Its  rhizomes  are  said  to  be  good 
sand-binders.  Large  patches  of  this  plant  on  a  lawn  or  hillside  are 
striking  objects  of  interest.  Caution  must  be  exercised  to  prevent 
the  rhizomes  from  invading  cultivated  fields.  This  can  be  done  by 
ditching,  as  has  been  described  for  /?.  veitchii, 

Bambusa  Quadraxgularis,  Fenzi. 

( J  A  PA  NESE  N  A  MES :  "  Sh  ill  o-ch  iku  "  OF  "  STj  ilakU'dake. ' ' ) 

The  square  bamboo  is  unlike  any  other  Japanese  species  in  the  pos- 
session, when  fully  grown,  of  square  culms.  These  square  stems  are 
often  not  apparent  on  young  small  shoots,  but  the  older  o:ies  are  sure 
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to  show  this  character.  The  squareness  of  these  culms  is  aptl}-  com- 
pared by  Mr.  Mitford  to  the  square  stems  of  the  Labiates.  Small 
groves  of  this  bamboo  are  to  be  seen  not  far  from  Yokohama,  and  the 
writer  has  seen  stems  among  one  of  these  groves  that  were  about  20 
feet  high,  while  Mr.  Mitford  says  the  plant  grows  to  30  feet  near 
Osaka.  The  sheath  is  very  thin  and  delicate  and  more  open  than  in 
most  bamlxjos,  gaping  from  the  base  and  leaving  the  greater  part  of 
the  internode  uncovered.  The  wood  of  this  species  is  too  weak  to 
make  it  of  any  great  value,  and  its  sensitiveness  to  frost  is  too  great 
to  enable  one  to  class  it  among  the  hardy  sorts.  It  is,  however,  a 
decorative  plant  and  worthy  of  repeated  trials  in  the  frostless  regions 
of  America.  It  is  said  that  roots  will  form  easily  from  the  lower 
nodes  of  the  square  bamboo  if  the  portion  bearing  these  nodes  is  buried 
in  the  soil.  This  would  facilitate  propagation  if  the  statement  proves 
correct. 

Bambusa  Vulgaris,  Schrad. 

(Japanese  name:  *'  Taisau-chiku.**) 

A  species  growing  in  Satsuma,  the  southern  province  of  Japan,  but 
which  is  not  hardy  at  Yokohama.  It  is  propagated  differentl}'  from 
the  hardy  sorts,  as  new  shoots  are  borne  from  the  base  of  the  cului  as 
well  as  from  the  rhizome.  Short  culm  bases,  without  rhizomes,  are 
potted  and  easily  transported  from  Satsuma  to  Yokohama,  where  new 
branches  appear  from  the  nodes.  This  species  is  said  to  be  easy  to 
propagate  because  of  this  character,  but  it  will  probably  hav^e  a  chance 
to  succeed  in  the  United  States  only  in  subtropical  Florida  and  Texas, 
where  it  will  require  a  good  soil,  rich  in  humus. 

''Shakutan.'' 

''Shakutan"  is  the  name  of  a  very  pretty  species  which  is  reported 
to  grow  in  the  northern  island  of  Japan  and  to  be  perfecth'  hardy. 
The  writer  saw  plants  under  this  name  in  the  Yokohama  Nui"sery 
Company's  grounds.  They  were  very  distinct  from  B.  palmata,  and 
dried  specimens  were  sent  to  Mr.  Makino  in  Tokyo  for  determination. 
The  species  is  probably  related  to  B.  palmata^  but  the  broad,  large 
leaves  are  mostly  situated  near  the  tip  of  the  slender  sheath-covered 
stem,  which  rises  from  the  ground  with  a  characteristic  curve,  and  is 
bare  of  leaves  for  several  feet  from  the  ground. 

Plate  V,  fig.  3,  shows  a  clump  of  what  appears  to  be  the  same  sj)e- 
cies,  from  Tosa,  one  of  the  southern  islands  of  Japan,  which  was 
growing  in  Mr.  Tsuboi's  garden  under  the  name  "Hanchiku."  The 
culms  are  almost  covered  with  the  light-colored  persistent  sheaths 
from  the  ground  to  the  leaves.  The  sterns  are  not  over  one-fourth  to 
three-eighths  of  an  inch  in  diameter,  and  are  about  5  feet  high. 
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DESCRIPTION  OF  PUIlTES. 

Plate  I.  A  commercial  grove  of  the  black  bamboo  (PhijUoslachys  nigra)  growing  al 
Kaiden,  Shinkotari,  near  Kyoto,  the  property  of  Mr.  Denkichi  Fujibayashi. 
Age  unknown,  but  prolwibly  more  than  30  years  old.     Photographed  by  Yeadith 

Plate  II.  A  well-kept  forest  of  PhjUostachys  quilioi  growing  on  good  soil,  showing  flB 
open  drainage  ditch  in  foreground  and  the  thick  mulch  of  leaves  and  etrMI 
which  cover  the  ground.  Age  probably  over  50  years.  Photographed  by 
Yendo. 

Plate  III.  Bamboo  forei-ts.  Fig.  1. — A  weU-kept  forest  of  Phyllostcichys  quilioi  gro^^- 
ing  on  poor  soil  filled  with  gravel  "Weeding  has  not  been  as  recently  done  as  in 
•  that  part  of  the  forest  shown  in  PI.  IT.  The  two  photographs  from  wliich 
these  plates  were  prepared  were  taken  from  points  not  20  yards  apart  in  the 
forest  of  Mr.  Isuke  Tsuboi,  of  Kusafuka.  Photographed  by  Yendo.  Fig.  3. — A 
badly  kept  forest  cf  timber  bamboo  (Phyllosiachyfi  quilioi)  growing  on  good  soil 
adjacent  to  the  well-kept  forest  shown  in  PI.  II.  This  shows  the  effect  of  not 
weeding,  thinning  out,  or  fertilizing.     Photographed  by  Yendo. 

Plate  IV.  Bamboo  groves  in  Japan.  Fig.  J. — A  hillside  grove  or  forest  of  the  edible 
species  (rhyllostachys  jnitis)  20  years  old,  showing  large  size  of  the  culms. 
Fig.  2. — A  prove  of  the  same  species  over  100  years  old  near  Tokyo.  The  bundle 
of  barley  straw  shown  on  the  right  will  be  used  for  mulching  purposes.  Fig,  S. — 
A  12-day-old  shoot  of  Phyllostachys  quilioi  in  a  forest  of  the  same  species  on  Mr. 
Tsuboi's  place  at  Kusafuka. 

Plate  V.  Bamboo  groves  in  Japan.  Fig.  1. — Clump  of  Arundinaria  simoni^  showing 
the  persistent  characteristic  sheaths.  Fig.  2. — Grove  of  Phyllofttachys  quUioi  on 
Mr.  Tsuboi* s  place  at  Kusafuka.  Age  unkrfown,  but  probably  more  than  50 
years  old.  Fig.  S. — Plat  of  a  species  of  bamboo  called  by  Mr.  Tsuboi  **  Han- 
chiku,*'  from  Tosa  Island,  which  has  not  been  determined  botanically  so  far  as 
known.  An  exceedingly  pretty,  decorative  form,  somewhat  like  Phyllottack^ 
palmata. 

Plate  VI.  Bamboo  plants.  Fig.  1. — A  young  black  bamboo  plant  of  which  the 
rhizome,  to  be  seen  on  the  left,  has  died.  The  rosette  of  leaves  still  remains 
alive,  but  no  young  shoots  are  formed.  This  specimen  was  dug  in  Mr.  Tsuboi's 
garden  at  Kusafuka.  Photographed  by  Yendo.  JFV^.  2. — Properly  dug  young 
plant  of  black  bamboo  ready  to- transplant,  showing  several  inches  of  rhisome 
on  both  sides  of  the  base  of  the  stem,  which  is  necessary  for  the  production  of 
new  shoots.  This  specimen  was  dug  under  Mr.  Tsuboi's  direction  and  repre- 
sents his  idea  of  how  a  plant  should  be  prepared  for  transplanting  if  dug  late  in 
the  season.  Photographed  by  Yendo.  Fig.  S. — Rhizome  or  underground  stem 
of  bamboo  {PhylloMachys  qnilioi)^  showing  young  shoots  and  roots  springing  from 
the  nodes.  Dug  in  June,  If  dug  in  winter,  the  buds  would  all  be  in  a  dormant 
condition.     Photographed  by  Yendo. 

Plate  VII.  Bamboo  scenes.  Fig.  1. — Dwarf  bamboos  at  Kusafuka.  Fig.  2. — Em- 
bankment on  top  of  a  wall  in  a  city  street  in  Tokyo  planted  with  Bambusa  veitdtu. 
Fig.  3. — Young  shoot  showing  effects  of  the  bamboo  culm-boring  larva.  Sawdust 
on  outside  of  shoot  affords  evidence  of  presence  of  larva  within.  Fig.  4- — l-eongi- 
tudinal  section  of  young  shoot  showing  the  culm-boring  larva  inside  one  of  the 
segments.     Photographed  by  Yendo. 

Plate  VIII.  Bamboos  in  California.  Ftgs.  1  and  S. — Rows  of  PhylloMcu^hys  quilioi  (?) 
growing  25  feet  tall  in  the  grounds  of  a  nursery  company  at  Niles.  Watered 
twice  a  year  with  2  inches  of  water  each  time.  This  species  is  called  Bambtisa 
striata  by  Mr.  Rock.  Fig.  2. — Plant  of  Phyllostachys  quilioi  (?)  which  was  set  out 
two  years  ago  in  the  grounds  of  a  nurserj'  company  at  Niles. 
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FiQ.  2.— Embankment  of  Bambusa  veitchii  in  Tokyo. 


Fw.  3,— Sawdust  on  Shoot,  Inoicatino  Pfiesence  of  Culm-b 


Fm.  4.— Longitudinal  Section  of  Shoot,  Showing  Culm-bobing  Larva. 


1 

^"  '■ 

,,,. 

it'  'J 

^'» 

te' 

^1 

tSTj^j^ 

f^M.^.. 

Apples  Affected  with  Bitter  Rot, 


U.S.  UliPAR  IMENT  Ol'  ACRICULTIIRE. 
BOREAn  OF  PLAKT  IKDnSTEY     BOUBnil  HO.  «. 


THE  BITTER  ROT  OF  Al'PLES. 


HERMANN  VON  SCHliENK, 

SpECIAI,  AdBNT  IN  ChAROE  OF  TIIK   MlSrtlHSIl'l'l  VaI.I.K.V 

Labouatokv, 


I'EULEY  SPAULDIN'(J,  tlpKCTAr.  A<iknt. 


OLOGICAU 


iasL'if])  Jl'i.v  IK,  HHXi. 


WASHINGTON: 
GOVEKNMENT    PRINTING    (IHFK 


BUREAU  OF  PLANT  INDUSTRY. 

B.  T.  Galloway,  Chief. 
VEGETABLE  PATHOLOGICAL  AND  PHYSIOLO(ilCAL  INVE8TIGATIOi?^S. 

SCIENTIFIC  STAFF. 

Albert  F.  Woods,  Palhologisi  and  Physiologist, 

Ekwin  F.  Smith,  Pathologist  in  Charge  of  Lahoralory  of  Plant  Pathology. 

George  T.  Moore,  Physiologist  in  Charge  of  Laboratory  of  Plant  Physiology. 

Herbert  J.  Webber,  Physiologist  in  Charge  of  Laboratory  of  Plant  Breeding. 

Newton  B.  Pierce,  Pathologist  in  Charge  of  Pacific  Coast  Laboratory. 

Hermann  von  Schrenk,  Special  Agent  in  Charge  of  Mississippi  Valley  Laln/rxUory. 

P.  H.  BoLFB,  Pathologist  in  Charge  of  Sub- Tropical  Laboratory. 

M.  B.  Waite,  Pathologist  in  Charge  of  Investigations  of  Diseases  of  Orchard  Fkn^Of, 

Mark  A.  Carleton,  Cerealist  in  Charge  of  Cereal  Investigations. 

Walter  T.  Swingle,  Physiologist  in  Charge  of  Life  History  Investigatiotut. 

C.  O.  Townsend,  Pathologist. 

P.  H.  Dorsett,  Pathologist. 

Rodney  H.  T^ue,«  Physiologist. 

T.  H.  Kearney,  Physiologist^  Plant  Breeding. 

Cornelius  L.  Shear,  PailiologiM. 

William  A.  Orton,  Ass'isiaiil  PcUfwlogist. 

Flora  W.  Patterson,  Mycologist. 

Joseph  S.  Chamberlain,  Physiological  Chemist. 

R.  E.  B.  McKenney,  Physiologist. 

Charles  P.  Hartley,  Assistant  in  Physiology^  Plant  Breeding. 

Deane  B.  Swingle,  Assistant  in  Pathology. 

James  B.  Rorer,  Assistant  in  Pathology. 

Lix)YD  S.  Tenny,  Assistant  in  Patliology. 

Jesse  B.  Norton,  Assistant  in  Physiology,  Plant  Breeding. 

A.  W.  Edson,  Scientific  Assistant ^  Plant  Breeding. 

Karl  F.  Kellerman,  Assistayit  in  Physiology. 

George  G.  Hedgcock,  Assistarit  in  Pathology. 

Perley  Spaulding,  Special  Agent. 


a  Detailed  to  Botanical  Investigations  and  Experiments. 
2 


LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of.  Agriculture, 
BcTKSAU  OF  Plant  Industry,  Office  of  the  Chief, 

Washington-^  D.  C,  April  8^  1903. 
Sir:  I  have  the  hoaor  to  transmit  herewith  a  paper  on  ''The  Bitter 
Bot  of  Apples,"  by  Dr*  Hermann  von  Schrenk,  Special  Agent  in 
Charge  of  the  Mississippi  Valley  Laboratory,  and  Perley  Spaulding, 
Special  Agent,  Vegetable  Pathological  and  Physiological  Investiga- 
tions, and  respectfully  recommend  that  it  be  published  as  Bulletin  No. 
44  of  the  series  of  this  Bureau. 

This  paper  was  prepared  under  the  direction  of  and  was  submitted 
for  publication  by  the  Pathologist  and  Physiologist.     The  illustrations, 
which  comprise  nine  half-tone  plates  and  nine  text  figures,  are  an  essen- 
tial and  important  part  of  the  i)aper. 
Respectfully, 

B.  T.  Galloway, 

Ch  ief  of  Burea  u, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


For  the  past  four  or  five  yeai's  the  bitter  rot  of  apples  has  been  the 
cause  of  heavy  loss  to  growls  and  handlers  of  this  fruit.  As  stated 
in  oar  report  for  1901,  the  president  of  the  National  Apple  Shippers' 
Association  estimated  that  the  damage  to  the  apple  crop  of  the  United 
States  in  1900  from  bitter  rot  was  $10,000,000.  In  some  orchards 
there  'was  a  total  loss  of  fruit;  in  others  from  one-half  to  two-thirds 
of  the  crop  was  destroyed.  The  disease  is  especially  severe  in  the 
Mississippi  Vallej^  and  the  States  along  the  Ohio  River.  At  the 
request  of  numerous  growers  this  Bureau  undertook  extensive  inves- 
tigations to  determine  more  definitely  the  life  history  of  the  fungus 
causing  bitter  rot  with  the  hope  of  discovering  a  more  eflfective  method 
of  holding  it  in  check.  The  report  presented  herewith  contains  a 
general  account  of  the  histoiy  of  the  disease,  a  description  and  life 
history  of  the  fungus  causing  it,  and  some  facts  which  have  been 
recently  discovered  in  regard  to  the  mode  of  life  of  the  parasite. 

During  the  yen>r  1901  cooperative  experiments,  conducted  along  lines 
suggested  by  this  Bureau,  were  carried  on  with  the  Illinois  Experi- 
ment Station,  but  during  the  last  season  the  work  was  conducted  inde- 
pendently^ by  both  the  station  and  the  Department.  Cooperative 
experiments  on  the  control  of  this  disease  were  started  the  past  year 
with  the  Missouri  Fruit  Experiment  Station,  and  will  be  continued 
with  this  station  and  fruit  growers  in  various  apple  sections  during 
the  present  season. 

Albert  F.  Woods, 
Pathologi4it  and  Phyaioloijlut, 

Office  of  the  Pathologist  and  Physiologist, 

Washington,  D.  C,  Ajml  7,  JWS, 
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INTBODUCTION. 

The  bitter  rot  or  ripe  rot  of  apples  has  for  many  years  formed  one 
of  the  most  serious  enemies  of  this  fruit.  It  made  its  first  appearance 
in  the  United  States  before  1867,  according  to  Curtis's  catalogue,  but 
it  was  not  specifically  descril>ed  until  1874,  when  M.  J.  Berkeley  and 
M.  A.  Curtis  published  the  firet  descriptive  notice  concerning  its  occur- 
rence in  America.  With  the  increasing  number  of  apple  orchards 
throughout  the  central  belt  of  States,  its  range  and  destructive  action 
have  steadily  increased. 

The  bitter  rot  is  a  disease  of  the  ripening  fruit,  which  appears  late 
in  the  summer,  affecting  whole  orchards  at  once  and  destroying  vast 
quantities  of  fruit  when  it  is  almost  ready  for  marketing.  Estimates 
of  the  loss  resulting  to  apple  growers  from  the  ravages  of  the  bitter 
rot  in  various  sections  of  the  countrj^  have  been  made  repeatedly. 

The  bibliography  beginning  on  page  46  of  this  bulletin  gives  in  full 
the  titles  to  which  the  short  citations  of  authorities  in  the  text  of  this 
paper  may  be  referred. 

A  few  statements  from  various  sources  will  show  what  this  pest  is 
capable  of  doing: 

This  orchard  that  appears  ho  vigorous  and  healthy  is  almost  worthless.  Last  year 
it  lia<l  at  least  1,000  bushete  of  apples  on,  and  the  proprietor  did  not  get  a  bushel  of 
winter  apples.  The  bitter  rot  blasts  them  like  the  breath  of  ruin,  and  the  promise 
of  spring  ends  in  disappointment  and  decay.  *  *  *  This  orchard  was  in  its  prime 
frr>m  the  time  it  waa  8  until  it  was  18  or  19  years  old.  For  ten  or  eleven  years  it 
gave  luoet  bounteous  returns  and  pnxluced  wagonloads  of  the  finest  fruit.  It  then 
iK'gan  to  decline.  The  fruit  commenced  to  spec^k,  and  the  evil  increased  until  the 
tri*eH  are  little  more  than  an  incumbrance  on  the  ground.     (Murray,  1870.) 

An  Arkansas  man  relates  his  experience  as  follows: 

The  man  from  whom  I  purchase<l  my  place  told  me  that  the  Famense  had  always 
been  wibject  to  the  rot.  For  the  last  three  years  the  disease  has  steadily  increased, 
so  that  this  year  (1887)  my  old  orchard  of  75  trees  will  not  yield  25  bushels  of  sound 
applet?.     (Galloway,  1887.) 

In  IJKX)  it  was  estimated  that  the  loss  in  four  counties  of  Illinois  for 
that  season  was  $1,500,000.     (Burrill  and  Blair,  1902.) 
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The  Pathologist  and  Physiologist  of  the  Bureau  of  Plant  Industry 
of  the  U.  S.  Department  of  Agriculture  in  1901  says:  ^ 

The  losses  caused  by  bitter  rot  in  the  Middle  States  often  amount  to  half  or  three- 
fourths  of  the  entire  fruit  crop,  single  lar^e  growers  sometimes  losing  10,000  barrels  of 
apples.  One  firm  estimated  that  their  losses  in  1900  on  apples  bought  in  the  orchard 
in  Missouri  alone  amoimted  to  $20,000  to  $30,000,  and  orchards  which  in  midsummer 
promised  a  yield  of  25,000  barrels  of  choice  apples  produced  only  about  5,000  harrelB 
of  indifferent  fruit,  owing  to  this  disease.  The  president  of  the  National  Apple 
Shippers'  Association  estimated  that  the  damage  to  the  apple  crop  of  the  United 
States  in  1900  from  bitter  rot  was  $10,000,000. 

In  some  years  the  destruction  was  so  great  as  to  cause  many  fruit 
growers  to  abandon  the  business,  and  instances  have  been  known 
where  men  have  leased  their  bearing  orchards  at  $5  per  acre  for 
periods  of  five  years,  preferring  to  be  assured  of  that  small  amount 
rather  than  risk  getting  nothing  from  their  tree>s  because  of  the  work 
of  this  fungus. 

Older  reports  make  mention  of  extensive  destruction.  Galloway 
reported  in  1889  that  "in  certain  places  in  Virginia,  Kentucky,  Ten- 
nessee, Missouri,  and  Arkansas  our  agents  report  this  season  a  dei«jtruc- 
tion  of  from  60  to  76  per  cent  of  the  crop." 

Gaiman  in  1893  stated  that  bitter  rot  probably  caused  more  loss  to 
Kentucky  fruit  growers  than  any  other  disease,  and  statements  of  this 
character  have  appeared  from  time  to  time  and  with  increasing 
frequency  in  the  reports  of  experiment  stations  and  horticultural 
societies. 

The  sudden  appearance  of  the  disease  at  a  time  when  the  grower  has 
spent  time,  money,  and  energy  in  producing  a  large  crop,  and  the 
almost  total  destruction  of  the  apples  in  a  few  days,  causes  the  disease 
to  be  universally  feared.  It  has  probably  done  more  to  discourage 
apple  growing  in  many  regions  than  all  other  troubles,  including  both 
fungous  and  insect  diseases  combined. 

In  spite  of  the  universal  and  destructive  appearance  of  this  disease, 
comparatively  little  had  been  accomplished  until  recently  toward  pre- 
venting or  even  checking  the  bitter  rot,  although  its  cause  was  clearly 
established  by  Berkeley  in  1856,  as  described  more  fully  hereafter, 
while  other  observers  have  given  detailed  accounts  of  spray ing  experi- 
ments. Ever  since  the  experiment  stations  were  established  investi- 
gations have  been  conducted  looking  toward  preventive  measures. 
Many  papers  on  the  subject  have  been  written,  an  idea  of  the  number 
of  which  can  be  gathered  by  referring  to  the  bibliography  at  the  end 
of  this  Bulletin. 

In  the  following  pages  a  general  account  of  the  disease,  a  description 
of  the  fungus  and  its  life  history,  and  some  facts  which  have  recently 
been  discovered  in  regard  to  its  mode  of  life,  etc.,  are  presented. 

«  Annual  Reports,  Department  of  Ajj^ricultiire,  1901,  p.  47. 
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HIBTOBIOAIi  AOOOUVT  07  THE  BITTEB  SOT. 

The  early  accounts  of  the  bitter  rot  deal  mainly  with  the  fungas 
cavunng  the  disease,  which  for  the  present  we  will  call  by  the  name 
-vrhichit  has  held  for  so  many  years — Oloeoaporium  frtictigenum  Berk. 
Rev.  M.  J.  Berkeley  described  a  fungus  causing  a  ripe  rot  of  grapes 
in  1854,  which  was  probably  the  same  as  the  bitter- rot  fungus  (see  fig. 
4:).  Two  years  later  he  described  a  fungus  causing  ripe  rot  of  the 
apple,  calling  it  Ol(mspoHurii  fructigenuiri  n.  sp.  He  describes  (1856) 
the  disease  (see  fig.  5)  as  follows: 

It  (the  apple)  presented  a  spottecl  appearance  externally  as  well  as  internally. 

*  *  *  The  spots  were  perfectly  circular  and  well  defined,  and  exhibited  traces  of 
vegetation.  On  cutting  through  the  apple  the  flesh  was  foand  to  be  discolored  in 
various  places  from  the  effects  of  incipient  decomposition  which  was  not  confined 
to  the  enrface  but  penetrated  into  the  center  of  the  fruit  *  *  *  In  a  few  days 
some  of  them  (the  spots)  were  studded  w^ith  pearl-like  specks  bursting  through  the 
cuticle  and  swelling  above  it  in  the  form  of  little  flat  cushions.  Sometimes  there 
was  but  a  single  speck  in  the  very  center,  but  more  frequently  there  was  a  more  or  less 
perfect  ring  of  satellites,  *  *  *  the  cuticle  was  raised  into  little  shining  pustules, 
and  a  tendril  of  minute  spores    *    *    *    was  protruded  through  it. 

In  1859  Berkeley  described  a  fungus  causing  a  disease  of  peaches 
and  nectarines,  which  he  called  Glceosporiv/m  Ideticolor  n.  sp. : 

Nearly  a  month  since  we  observed  on  the  peaches  little  dark  specks  with  a  bleached 
center.  *  *  *  Two  days  ago  he  (the  gardener)  called  our  attention  to  its  present 
condition.    The  specks  were  prevalent  on  the  nectarines  as  well  as  the  peaches. 

*  *  *  It  is  of  the  disease,  then,  as  developed  on  the  nectarines  more  especially 
that  we  are  si)eaking.  *  *  *  The  white  spot  and  the  dark  ring  around  it  were 
most  beautifully  defined,  seated  in  the  center  of  a  regular  circular  depression,  the 
borderB  of  which  were  pale,  but  not  completely  bleached  like  the  center.  The  whole 
aorCace  of  the  depression  was  studded  with  little  saltnoU'-colored  warts,  disposed  more 
or  leas  in  circles,  from  the  center  of  some  of  which,  but  especially  of  those  in  the 
bleached  cuticle,  a  little  curled  tendril  of  salmon-colored  spores  was  protruded.  After 
a  time,  however,  the  several  spots  run  together,  and  form  a  depression  an  inch  or 
more  across,  still  teeming  with  the  red  spores. 

This  fungus  is  apparently  the  same  as  Olijeoaporium  fructigenum 
Berk.  Berkeley  in  his  description  gives  most  of  his  attention  to  the 
fungus  rather  than  to  the  disease  caused  by  it,  but  we  can  very  easily 
recognize  the  fungus  of  the  bitter  rot  as  being  the  same  that  he 
described. 

In  1867  Rev.  M.  A.  Curtis  in  a  catalogue  of  the  plants  of  North 
Carolina  mentions  a  fungus,  Glom^poriurn  versicolor  n.  sp.,  as  occur- 
ring upon  rotten  apples.  This  was  the  first  use  of  the  name,  and  also 
was  the  first  record  of  the  occurrence  of  a  fungus  causing  bitter  rot  in 
this  country,  as  far  as  can  be  determined.  The  bitter  rot  was  very 
probably  known  at  that  time,  and  possibly  quite  extensively  known,  as 
the  article  by  Murray  in  the  Illinois  Horticultural  Society  publication 
only  three  years  later  (1870)  would  seem  to  indicate.  In  1874  Berkeley 
and  Curtis  published  the  first  description  of  OJ^osporium  versicolor 
n.  sp.,  so  that  the  name  really  dates  from  1874. 
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Practically  all  of  the  publications  in  regard  to  the  bitter  rot  until 
1887  were  mere  reprints  of  the  articles  already  mentioned,  and  the  dis- 
ease was  treated  apparently  as  a  rather  uncommon  one  and  not  of 
much  importance. 

Galloway  seems  to  have  been  the  first  to  treat  upon  the  subject  of 
this  disease  from  an  economic  standpoint,  the  first  accounts  dealing  with 
the  bitter  rot  as  a  destructive  orchard  disease  being  published  by  him 
in  1887.     He  called  attention  to  the  damage  caused  and  the  results  of 
experiments  made  to  check  the  disease.     At  that  time  the  bitter  rot  had 
appeared  in  many  States  from  the  Atlantic  seaboard  to  Kansas,  and  the 
destruction  of  apple  crops  was  large.     These  experiments  wore  fol- 
lowed by  many  others:    Garman  (1889),  Galloway  (1889),  Jennings 
(1890),  Curtiss  (1890),  Galloway  (1890),  Churchill  (1890),  Chester  (1890), 
Garman  (1890),  and  others.     The  results  of  these  various  experiments 
were  very  conflicting.     A  few  investigators  succeeded  in  totally  check- 
ing the  disease  even  after  it  had  become  well  established,  while  others 
had  no  success  whatever.     In  the  more  northern  States  exporimenterB 
seemed  to  succeed  in  checking  the  disease  by  spraying  affected  trees 
with  the  ordinary  fungicides.     In  the  region  south  of  the  fortieth  par- 
allel, i.  e.,  in  the  territory  extending  from  the  eastern  coast  to  Kansas, 
Indian  Territory,  and  Texas,  where  the  fungus  seems  to  flourish  best, 
it  was  found  much  more  difficult  to  control  the  disease.     Sprayiog' 
experiments  indicated  that  the  disease  could  be  checked  to  some  extent, 
but  only  in  one  or  two  instances  was  it  stopped  entirely.     From  the 
time  of  its  first  appearance  in  July  until  the  latter  part  of  September 
the  bitter-rot  fungus  was  active.     What  became  of  the  spores,  where 
they  remained  over  winter,  and  how  they  infected  the  fruit  the  fol- 
lowing year  was  unknown,  but  the  opinion  was  generally  accepted 
that  many  of   the  spores   survived  in  the   mummified  fruits  which 
remained  on  the  trees  or  on  the  ground  throughout  the  cold  season. 

Up  to  within  three  years  ago  it  was  generally  accepted  that  Ol^Jeo^- 
pirrimii  friictigenmii  Berk,  was  the  cause  of  the  bitter  rot  of  apples. 
During  the  la.st  two  years,  owing  to  the  increased  ravages  of  the  dis- 
ease, attention  was  directed  toward  the  investigation  of  the  life  history 
of  the  bitter-rot  fungus,  with  the  result  that  a  number  of  new  facts 
of  considerable  importjince  have  been  determined.  These  facts  have 
been  discovered  almost  simultaneously  by  a  number  of  observers,  and 
their  exact  bearing  on  prev^entive  measures  has  already  been  tested. 

DIBTBIBX7TI0N  OF  THE  BITTER-&OT  FXTNaXXS. 

GEOGRAPHICAL  DISTRIBUTION. 

The  bitter-rot  fungus,  like  other  species  of  the  fomi  genus  Gloeospo- 
rium,  has  an  almost  world-wide  distribution.  In  the  United  States  it 
has  l>een  found  in  nearly  all  of  the  States  east  of  and  including  Kan- 
sas, Oklahoma,  and  Texas.     A  careful  si^arch  through  the  mycolc^ical 
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literature  available  at  the  Missouri  Botanical  Garden  htui  shown  that 
ander  one  name  or  another  this  fungus  has  been  n^ported  from  Maine, 
New  Hampshire,  Vermont,  Connecticut,  New  York,  New  Jersey, 
Delaware,  Maryland,  West  Virginia,  Virginia,  North  Carolina,  South 
Carolina.  Alalmma,  Mississippi,  Kentucky,  Ohio,  Indiana,  Illinois, 
Hichi^n,  Wisi-onsin,  Missouri,  Arkansas,  Kansas,  Oklahoma,  Indian 
Territon,  and  Texas,  The  States  east  of  the  Mississippi  from  which 
thp  fungus  has  not  yet  been  reported  are  almost  unexplored  mycolog- 
ically.  It  is  extremely  probable  that  it  occurs  in  all  States  where 
the  apple  is  being  grown,  even  in  the  most  northern  latitudes.     (See 

The  bitter-rut  funjfus  was  first  describe<l  in  Kngland  from  English 


duitfd  Kclkiui  I 


specimens.  On  one  or  another  host  the  bitter-rot  fungus  has  been 
found  in  all  parts  of  the  world.  It  is  reported  l)y  Trail  (18H8),  from 
Perth,  Scotland;  by  Saccardo(lS81),  from  Italy;  by  McAlpine  (1S05), 
from  Queensland  and  New  South  Wales;  by  Cooke  (1892),  from 
QueenMland;  by  Spe.sehnew  (1897),  from  Tittis,-  in  Transcaucat^ia;  by 
Klein  (see  Frank,  1896),  from  Baden,  Germany;  also  by  Kirchner 
(18!M)),  from  various  parts  of  Germanj-;  by  Nypel  (1h96),  fmm  Liege, 
Belgium;  by  Viala  (1887),  from  France.  It  is  proltable  that  the  fungus 
occurs  to  some  extent  in  every  country  where  the  apple  is  grown, 
which  in  not  surprising  when  one  considers  the  manner  in  which  apples 
are  sent  to  all  parts  of  the  world  and  the  excellent  chances  which 
sporpj<  of  this  fungus  have  for  dissemination  with  the  fruit. 
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OOeOB8£NGE  ON  VARIOUS  HOSTS. 

The  first  bitter-rot  funguR  wm»  described  in  1854  (Berkeley) 
growing  on  grapes.  Some  years  later  tbe  same  writer  described  i 
fungus  causing  ripe  rot  of  the  apple.  Berkeley  in  some  later  papeq 
describes  the  ripe-rot  fungus  (under  various  names)  as  oc^iu'ring  a| 
grapes,  apples,  peaches,  and  nectarines.  In  1871  Berkeley,  T^8iiKiiq| 
to  a  manuscript  description  of  a  fungus  growing  on  grapes  (^Tlte 
0po7*lum  uvlcola)^  takes  occasion  to  say  that  in  his  opinion  it  is  tb 
same  as  the  fungus  causing  ripe  rot  of  peaches  and  nectarines  {Gl<eo- 
sporium  Iseticolor  Berk.).  He  states  that  "where  grapes  are  growi 
in  the  same  house  with  stone  fruits  the  malady  may  spread  upward,^ 
which  may  be  taken  to  imply  that  he  considered  that  the  ripe-rot  fun- 
gus of  grapes  may  cause  the  disease  of  peaches  and  nectarines.  He 
further  emphasizes  their  probable  identity  by  saying  (p.  1163):  -**  Both 
on  grapes  and  stone  fruits  the  spores  of  the  fungus  are  very  variable 
in  size,  so  that  no  stress  can  be  laid  on  mere  measurement." 

Von  Thumen  (1887)  added  the  pear  and  the  apricot  to  the  list  of 
hosts.  Gallowa}',  in  1890,  demonstrated  for  the  first  time  that  tiie 
ripe-rot  fungus  of  the  grape,  when  transferred  to  the  apple,  caused  the 
ripe  rot  or  bitter  rot  of  the  apple,  and  vice  versa.  Miss  Southworth, 
in  1891,  confirmed  these  results. 

Halsted,  in  1892,  published  the  results  of  a  large  number  of  experi- 
ments in  which  he  had  inoculated  fruits  with  spores  from  different 
ripe-rotted*  fruits  to  determine  whether  the  numerous  forms  of  ripe 
rot  or  bitter  rot  were  I'eally  due  to  the  same  fungus.  His  experiments 
seemed  to  prove  that  the  same  fungus  caused  the  ripe  rot  of  the  apple, 
grape,  peach,  pear,  pepper,  tomato,  and  eggplant.  The  fungus  was 
found  to  grow  on  bananas,  quinces,  lemons,  and  beans,  in  addition  to 
the  other  hosts  mentioned. 

Chester  (1893)  corroborated  Halsted's  results  so  far  as  the  tomato, 
grape,  pepper,  and  apple  were  concerned.  He  came  to  the  same  con- 
clusion as  Halsted — i.  e. ,  that  the  fungus  on  the  apple,  grape,  tomato, 
and  pepper  is  biologically  the  same  species.  Alwood  (1894)  states 
that  all  pomaceous  fruits  are  attacked  b}^  Glososporium  fructigenum 
Berk.  During  the  last  year  Spaulding  grew  the  fungus  successfully 
on  squash.  (PL  IV,  fig.  6.  See  also  PI.  IV,  fig.  5,  showing  the 
fungus  on  the  pear.)  . 

From  the  evidence  at  hand  it  appears  that  this  fungus  can  adapt 
itself  to  numerous  hosts.  It  seems  probable  that  all  the  forms  are  one 
and  the  same  species,  but  it  will  be  necessary  to  develop  the  perfect 
or  ascus  stage  of  many  of  them  before  any  positive  statement  on  this 
point  can  be  made. 
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OiEXTERAlt  DESCGEOFTION  OF  THE  BTTTEB  BOT. 

TIMK   OF  AITEARANCE. 

The  bitter  rot  app>ear8  in  an  apple  orchard  at  different  timen  during 
the  months  of  July  and  AugUHt,  the  time  of  its  first  appearance  vary- 
ing with  the  climatic  conditions  during  any  particular  season.  The 
first  spot«*  (PL  IV,  fig.  2)  usually  develop  on  the  apple  fruits  when 
they  are  nearly  full  grown.  From  that  time  on  until  the  fruit  is 
entirely  ripened  the  disease  is  likely  to  occur  with  increasing  severity. 
In  the  Southern  States  bitter  rot  may  destroy  some  fruit  in  the  early 
part  of  July.  In  a  number  of  cases  apples  only  three-fourths  of  an 
inch  in  diameter  were  found  affected  with  the  disease.  One  of  the 
writers  collected  apples  affected  with  bitter  rot  in  Vermont  on  Octo- 
ber 20.  The  spots  were  small  but  well  developed,  and  were  present 
on  a  large  number  of  individual  fruits  on  one  tree. 

The  factors  which  determine  the  time  of  appearance  are  probably 
(1)  the  age  of  the  fiHiits;  (2)  the  temperature  and  humidity  of  the  air; 
(3)  the  pre.sence  of  spore-distributing  centers.  The  age  of  the  fruit 
is  a  factor  of  considerable  importance.  As  a  rule,  the  green  fruit  is 
comparatively  immune,  which  may  be  due  in  part  to  the  large  amount 
of  malic  acid  present  in  the  unripened  fruit.  It  is  possible  to  produce 
the  disease  on  green  fruits  by  artificial  inoculation  by  allowing  such 
fruits  to  lie  on  a  shelf  for  several  days  after  being  picked.  Different 
varieties  of  apples  show  a  different  susceptibility  with  respect  to  the 
time  of  attac*k.  No  hard  and  fast  rule  can,  however,  be  laid  down  in 
respect  to  this  matter,  as  the  climatic  conditions  may  hasten  or  retard 
attack. 

Warm,  sultry  weather,  particularly  after  a  rain,  forms  the  ideal  con- 
dition for  the  development  of  the  bitter  rot.  In  cool,  dry  summers  the 
bitter  rot  is  usually  present  l)ut  sparingly.  A  short  series  of  hot,  wet 
daj's  in  August  may  bring  about  a  sudden  and  very  destructive  attack. 
Nights  with  a  heavy  fall  of  dew  alternating  with  hot  days  are  usually 
foUowetl  by  an  extensive  development  of  the  disease.  Numerous 
instances  might  be  mentioned  where  the  disease  appeared  in  an  orchard 
during  the  latter  part  of  August,  after  a  few  hot  days,  destroying  the 
whole  crop  in  three  days.  A  notable  case  of  this  kind  occurred  during 
the  summer  of  1900.  Cold  weather  usually  checks  the  disease  and 
may  stop  it  altogether. 

The  time  of  appearance  of  this  disease  is  probably  influenced  also 
by  the  condition  of  ripeness  of  the  spores  in  the  cankers  (as  described 
later)  and  in  the  mummies.  A  cold  spring  may  retard  their  develop- 
ment and  consequently  bring  about  a  late  attack  on  the  fruit,  or  vice 
versa. 
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CHARACTER  OF  THE  SPOTS. 

The  first  signs  of  the  bitter  rot  appear  in  the  form  of  a  very  fail 
light-brown  discoloration  under  the  skin  of  the  apple.     The  .spoU^  ax 
exceedingly  small  at  first,  and  as  they  grow  larger  they  appe4i,r  cii 
cular  in  outline.     (PI.  IV,  fig.  2.)     The  spots  rapidly  increase  in  sizi 
becoming  darker  brown.     When  the  spot  is  one-eighth  of  an  inch  i 
diameter  the  area  appears  distinctly  sunken.     The  Ijorders  of    thea 
spots  are  usually  very  nearly  circular  and  sharply  defined.      Whei 
about  one-half  an  inch  in  diameter  small  black  dots  apj>ear  at  iiior 
or  less  regular  intervals  beneath  the  epidermis  in  the  sunken   area 
These  increase  in  size  and  project  as  tiny  mised  points.     At  a  late 
stage  they  break  through  the  epidermis  of  the  fruit  and  allow  hirff 
numbers  of  spores  to  escape.    (PI.  IV,  figs  1  and  7.)   These  spores,  whei 
not  washed  from  the  fruit,  form  pink  masses,  sticky  when  moist-      Aj 
the  spore  mass  dries  it  cakes  and  adheres  to  the  epidermis.     On  quiet 
dry  nights   the   spores   are  discharged   in   long  tendril-like  threads 
(PI.  VI,  fig.   2),   oozing  out  slowly  from  the  liiouths  of  the    black 
bodies,  which  are  the  fruiting  bodies  of  the  bitter-rot  fungus.     These 
black  bodies  or  pustules  are  often  armnged  in  the  form  of  a  ring. 
(Pis.  I  and  II.)     As  the  rot  progresses  other  rings  of  pustules  appear 
outside  of  the  first  one,  and  at  regular  intervals  six   to  eight,  and 
sometimes  more,  well-defined  rings  may  form   in  rapid  succession. 
Each  ring  will  have  hundreds  of  pustules,  each  producing  spores  at 
the  same  time,  so  that  some  rings  appear  almost  continuous.     (PLs.  I, 
II,  and  IV,  figs.  1  and  7.)    The  formation  of  these  rings  depends  on  the 
rapidity  with  which  the  fungus  grows.     The  most  perfect  rings  of 
pustules  are  formed  when  the  fungus  grows  most  rapidly.     (Pis.  I  and 
II.)     Cold  weather  will  be  followed  by  a  more  or  less  irregular  devel- 
opment of  the  pustules.    (PL  IV,  fig.  3.)    They  then  break  through  the 
epidermis  at  many  points,  as  shown  on  PI.  IV,  figs.  8  and  7.     The 
arrangement  of  the  fruiting  bodies  in  rings  is  a  conunon  phenomenon 
among  fungi.     Where  a  single  spore  germinates  in  a  medium  where 
the  food  supply  is  abundant  on  all  sides,  the  hyphse  generally  grow  in 
all  directions  with  equal  rapidity.     When  the  period  for  the  develop- 
ment of  spores  has  arrived,  the  spores  will  be  formed  from  hyphte  of 
the  same  age,  i.  e.,  at  points  equally  distant  from  the  original  point  of 
infection.     The  phenomenon  of  fairy  rings  is  a  notable  instance  among 
the  higher  fungi.     Alternate  periods  of  low  and  higher  temperature 
may  account  for  the  intermittent  development  of  fruiting  bodies,  and 
hence  the  formation  of  successive  rings. 

The  pinkish  appearance  of  diseased  fruit  is  due  to  the  spore  niavsses 
which  exude  from  the  pustules.  After  a  i-ainstorm  the  interior  of  the 
pustules  looks  sooty  black  and  the  mouths  ragged,  all  the  sjxu'es 
having  been  washed  off. 
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Vui.  2.— Diagram  fthowing  how  the 
bittiT-rot  fundus  (h'caysaii  apple. 


The  brown  coloration  of  the  spots  on  the  apple  fruit  in  an  indication 
of  the  decayed  condition  of  the  tissues  immediately  under  the  spot^, 
in  which  region  the  threadw  of  the  bitter-rot  fungus  are  bringing  about 
changes  in  the  firm  tissue  of  the  fruit  which  make  it  appear  decayed. 
The  lateral  progress  of  the  disease,  evidenced  by  the  increasing 
diameter  of  the  brown  area,  is  accompanied  by  a  corresponding  prog- 
ress of  the  disease  into  the  fruit  (figs.  2 
and  3).  The  rotted  mass,  which  is  an 
inch  in  diameter  at  the  surface,  usually 
extends  inward  to  the  core  of  the  fruit. 
The  rotted  mass  shrinks  somewhat  in 
volume,  hence  the  sunken  character  of  the 
spot  outside.  There  is  usually  a  sharp 
dividing  line  between  the  rotted  mass  and 

!the  sound  tissue.     In  this  respect  the  bit- 
ter rot  differs  from  the  black  rot  of  the 
apple, 
f         The   size   of   the  diseased  areas   on   the 

fruit  increases  rapidly  after  an  infection,  and  eventually  the  whole 
fruit  may  be  affected.  Where  two  or  more  sei:)arato  infections 
take  place  the  diseased  masses  fuse  (PI.  I).  The  separate  rings  of 
fruiting  bodies  join  and  the  two  sets  of  h^phu^  then  grow  on  just 
as  if  there  liad  been  but  one.  The  completely  rotted  fruit  appears 
eonsidei*ably  shrunken,  especially  if  there  have  been  several  cen- 
ters of  infection.     The  fruit  hardly  ever  decays  entirely,  as  do  apples 

attacked  by  the  black  rot;  as  a  rule  there 
are  small  patches  of  healthy  cells  which 
hold  out  a  long  time.  The  affected  fruit 
falls  from  the  tree  during  all  stages  of 
the  disea.se.  (See  PI.  III.)  In  this  case, 
as  in  other  instances  of  fruit  diseas(\s  due 
to  fungi,  a  hastening  of  the  ripening  proc- 
ess takes  place.  The  diseased  fruits  are 
heavier  than  ripe  fruits,  and  are  readily 
shaken  from  the  trees.  Thi^re  arc  pro])a- 
bly  other  chang(»s  taking  place  in  a  dis- 
eased fruit  which  influence  its  condition  and 
bnng  on  i)remature  fall,  much  m^  with  fruits  stung  by  various  insects. 


Fi<i.  3.— A  later  stage  of  bltter-n»t 
dcray. 


CAUSK    OF   THE    IJITTKK    HOT. 

The  bitter  rot  of  apples  is  due  to  a  fungus,  Glwotiporinin  frurttge- 
num  Berk.,  which  grows  in  the  ripening  tissues  of  the  fruit,  thereby 
inducing  decay.  The  earliest  acH'ounts  of  this  fungus  deal  largely  with 
its  systematic  position,  hut  it  was  recognized  at  an  early  date  that  the 
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bitter  rot  or  ripe  rot  of  both  apples  and  grapes  was  in  some  iiv^ay  cc  i 
nected  with  this  fungus.  A  complete  description  of  the  f ungxis  a*  i 
its  various  stages  is  given  in  a  succeeding  chapter,  and  it  will  l>e  oc^ei  i 
sary  at  this  point  to  simply  mention  in  brief  the  general  appeai-anee  I 
the  fungus  in  the  orchard  and  the  reasons  for  connecting  this  fian^i 
with  the  bitter  rot. 

Reference  has  already  been  made  to  the  appearance  on  dise&si! 
fruits  of  more  or  less  regular  rings  of  pustules.  In  these  pustufci 
small  one-celled  spores  are  formed,  which  exude  from  the  pu5>tul(l 
after  they  have  broken  through  the  epidermis.  In  the  orchard  the4 
spores  seem  to  be  produced  abundantly  only  when  the  air  is  Ixeav 
with  moisture.  Heavy  dews  and  rain  wash  away  the  pink  t^poi 
masses,  leaving  the  ragged  mouths  of  the  pustules  freely  exposed.  Xhi 
appearance  of  the  pustules  and  the  discharge  of  the  spore  mas.so.s  ar 
the  only  evidences  of  fungus  aetivit}*^  visible  during  the  attack. 

These  pustules  and  spores  are,  however,  always  present  in  apple 
affected  with  the  bitter  rot,  and  no  cases  of  this  disease  arc  kno\7& 
where  these  spores  have  not  appeared  at  one  stage  or  another.  JVIore 
over,  inoculations  of  sound  fruit  with  the  spores  of  GlAxtoHjnyrinn 
fructl^enuni  Berk.,  made  by  many  experimenters,  have  invariaWj 
produced  the  disease  (PI.  II).  There  is,  therefore,  no  doubt  whatevei 
that  the  bitter  rot  or  ripe  rot  of  apples  and  of  some  other  fruits  u 
caused  by  the  bitter-rot  fungus  {Glocmponwn  fniciujeiium  Berk.). 

RATE   OF   DEVELOPMENT   OF  THE   BITTER   ROT. 

The  rate  with  which  this  disease  develops  depends  largely  upon  con- 
ditions of  temperature  and  moisture.     During  some  summers  it  may 
take  several  weeks  for  the  disease  to  develop  to  any  extent  after  its 
first  appearance.     Then,  again,  it  may  start  on  a  fruit  during  the  nig-ht 
and   in  three  to  four  da^^s  entirely  destroy  it.     Apples  inoculated 
with  the  bitter-rot  fungus  and  kept  in  incubators  at  a  temperature 
of  37°  C.  (98.6°  F.)  will  show  spots  three-fourths  of  an  inch  in  diame- 
ter, with  numerous  pustules,  in  forty-eight  hours  after  inoculation. 
As  has  been  stated  above,  the  disease  will  develop  in  several  days  in 
epidemic  form  when  heavy  dews  fall  during  the  night,  followed  by 
hot,  cloudy  days.     The  condition  of  the  apple  fruit  at  the  time  of 
the  attack  influences  to  some  extent  the  rate  of  development.     Thus 
green  fruits  do  not  suffer  as  severely  from  the  disease  nor  does  the 
disease  progress  as  rapidly  as  with  fruits  which  are  almost  ripe.     The 
disease  progresses  at  different  rates  on  different  varieties  of  apples. 
Some  are  more  easily  affected  than  others.     In  general,  it  may  be  said 
that  hot,  muggy  weather  is  most  favorable  for  the  rapid  development 
of  the  bitter  rot. 
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^  THE    DISEASED   APPLE. 

I 

f  An  apple  affected  with  the  bitter  rot  or  ripe  rot  is  a  most  objection- 
Ue  fruit.  The  name  of  the  disease  is  derived  from  the  peculiar  bitter 
iste  of  the  decayed  tissues  of  the  fruit  which  is  noticed  almost  as  soon 
B  the  f  ungns  has  begun  its  growth  in  the  cells.  One  observer  ( Alwood, 
^94r)  state^^  that  this  bitter  taste  is  not  always  present.  The  partiall}- 
|eca\^ed  fruit  leaves  a  bitter  taste  in  the  mouth,  resemWing  the  after 
IFect  of  quinine,  yet  not  quite  the  same.  The  bitterness  increases  as 
be  rot  becomes  more  pronounced.  The  tissues  of  the  apple  are  hard 
pid  firm  when  first  affected;  the  cells  look  somewhat  watery  and  are 
ale  brown.  As  the  rot  advances  the  flesh  of  the  apple  softens  and 
Bms  darker  in  color,  until  at  an  advanced  sta^e  the  whole  tissue  is 
pft  and  mushy,  very  watery,  and  without  any  resemblance  to  the 
vig-inal  healthy  tissue.  Attention  should  be  (tailed  to  the  fact  that  in 
ID  caise  does  the  apple  become  as  soft  and  mushy  as  it  does  when 
iffected  with  most  other  fruit-rotting  fungi,  for  instance,  the  black 
Dt.  The  decay  starts  at  the  surface  of  the  fruit  and  gradually  extends 
Bward  toward  the  core,  making  a  sort  of  cone-shaped  mass  of  dis- 
lased  tissue,  as  described  above  (figs.  2  and  3). 

r>uring  the  early  stages  of  the  disease  there  is  a  marked  accumula- 
ion  of  starch  around  the  affected  spots,  which  calls  to  mind  similar 
phenomena  described  by  Halsted  (1898)  for  various  leaf- spot  fungi. 
rhe  cells  of  the  apple  tissue  separate  from  one  another  as  the  disease 
progresses.  The  middle  lamella  of  the  cells  is  dissolved  b\^  the  fungus 
byphse,  but  the  cell  walls  themselves  remain  intact. 

THE  BITTER-BOX  FUNGUS. 
JAtlS,   HISTORY   ON    APPLES. 

The  spores  of  the  bitter-rot  fungus  germinate  on  the  apple  fruit 
when  it  is  nearly  ripe.     In  some  cases  the  fungus  has  attacked  apples 
when  they  were  only  three-fourths  of  an  inch  in  diameter  (Garman, 
1893).  which,  however,  may  be  regarded  as  exceptional.     The  hypha? 
from  genninating  spores  enter  the  apple  and  begin  to  grow  in  the 
laj^er  immediately  under  the  epidermis.     Whether  the  young  hyphre 
can  pierce  the  uninjured  epidermis  of  the  apple  seems  to  be  a  some- 
what disputed  point.     In  making  infections  of  apple  fruits  in  the  lab- 
oratory it  was  found  that  the  greatest  numbers  of  successful  infections 
were  obtained  b}'^  puncturing  the  epidermis  with  a  sterile  needle  and 
then  spi-aying  the  spores  on  to  the  broken  epidermis.     Clinton  (1902) 
states  that  the  spores  placed  on  unpunctured  apples,  "  if  successful," 
brought  about  the  rot  two  or  three  days  later  than  when  placed  on 
punctured  fruits.     It  is  probably  true  that  the  young  h}  ph^e  can  enter 
through  the  unbroken  skin,  possibly  through  the  stomates,  but  at  the 
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same  time  it  is  probable  that  a  large  percentage  of  the  infections  i 
an  orchard  start  in  fruits  which  have  been  wounded  in  some  way,  g^n 
erall}^  by  insecte.  When  one  reflects  that  the  number  of  spores*  -w^hicl 
fall  on  a  fruit  is  generall}^  very  large,  it  is  strange  that  there  shouk 
be  only  very  few  infections  or  sometimes  only  one  infection.  Thii 
point  is  one  which  will  require  additional  careful  study. 

After  the  first  hypha  has  entered  the  tissue  below  the  epidermis  i< 
branches  rapidly.  The  hyphee  grow  in  the  intercellular  spaces,  at^sorb- 
ing  the  sugar  and  other  products  from  the  apple  cells.  (See  PI.  V",  fig'. 
3.)  The  affected  cells  turn  brown  and  separate,  and  after  a  time  they 
collapse.  It  is  then  that  the  presence  of  the  fungus  becomes  noticeable 
on  the  outside  in  the  form  of  the  l)rown,  sunken  spots  mentioned  al>ove 
(PI.  IV,  figs.  1  and  2).  The  fungus  hyphos  grow  in  all  directions  from 
the  original  point  of  infection  with  great  regularity.  As  the}'  extencl 
outward  the  cell  groups  attacked  become  brown  in  turn  and  collapse 
more  or  less.  This  regular  development  gives  the  affected  mass*  of 
cells  the  circular  form  visible  on  the  outside. 

Earlv  in  the  season  the  brown  areas  are  about  one-half  of  an  inch  in 
diameter  before  there  is  any  evidence  of  spore  formation;  later  on, 
during  the  height  of  an  epidemic,  the  spores  begin  to  form  when  the 
affected  areas  are  still  very  small.     The  spore-forming  stage  is  evi- 
denced l>y  the  appeamnce  of  numerous  small  raised  points,  which  push 
up  the  epidermis  in  a  brown  spot  at  irregular  intervals.     The«e  points 
are  composed  of  masses  of  parallel  hyphre  which  grow  outward  from 
the  cells  just  underlying  the  epidermis.     These  hypha?  are  short  and 
so  arranged  as  to  form  a  low  cone,  whose  apex  pushes  against  the 
epidermis  as  the  hypha*  composing  it  grow  in  length.     These  h3'ph« 
are  at  first  colorless  and  then  turn  olive  colored.     Ultimately,  either 
by  pressure  or  Ix^cause  of  the  solvent  action  of  an  enzyme,  the  tip  of 
this  cone  breaks  through  the  epidermis.     On  the  outside  the  tips  of 
the  cones  appear  as  small  dark  specks.     The  unicellular  spores  are 
formed  by  abstriction  from  the  ends  of  the  hyphaj  composing  the 
cone,  many  spores  being  formed  from  each  hypha.     Great   masses 
of  these   spores  issue   from   the   hole   made   in   the   epidermis   and 
remain  on  the  outside  as  bright  pinkish,  glistening  masses,  adhering 
to  the  tips  of  the  cones.     The  latter  are  the  pustules  or  sori.     When 
the  fungus  is  growing  rapidly  the  pustules  or  sori  may  form  when  the 
spots  are  but  one-fourth  of  an  inch  in  diameter.     The  spore  masses 
are  sticky  and  adhere  firmly  to  the  mouth  of  the  pustules.     Some- 
times, especially  during  nights  when  a  heavy  dew  has  fallen  and  there 
is  an  abundance  of  moisture  in  the  air,  the  spores  will  be  discharged 
forcibly  in  the  form  of  tendril-like  masses.     (PI.  VI,  fig.  2.) 

As  sbited  above,  the  sori  appear  in  irregular  groups  early  in  the 
season.  Later  in  the  summer,  when  the  fungus  is  growing  rapidly, 
they  break  through  the  epidermis  in  groups,  forming  very  regular 
rings  (PL  1),     These  rings  arc  striking  objects  shortly  after  the  dis- 


LIFE   HISTORY    OF   FUNGUS.  21 

rge  of  the  spores  and  form  one  of  the  most  character istio  features 
i  the  disease.     The  8jx)res  disappear  from  the  tip  of  the  pustules 
ter  a  time.     Rain  or  dew  mav  wash   them   awav  or   inwicts  rub 
em  ofT.      The  empty  sori  remain  >)ehind  and  have  a  sooty,  black 
mppearance. 

/  The  time  elapsing  between  spore  germination  on  a  fruit  and  the 
ripening"  of  the  first  spore  crop  differs  with  the  season  from  three  or 
four  days  to  a  week.  In  hot  da3's  of  August  the  cycle  is  completed 
with  great  rapidity.  In  one  and  the  same  spot  on  a  fruit  spores  may 
be  formiii^  at  the  center,  while  a  quarter  of  an  inch  farther  out  the 
pastales  have  not  3'et  >)egun  to  develop. 

The  foregoing  description  of  the  growth  of  the  fungus  pertains  to 
the  development  on  apples  still  on  the  trees.  Spores  inoculated  into 
apples  after  they  have  lH>en  picked  will  give  rise  to  similar  phenomena. 
The  rate  of  growth  of  the  fungus  and  the  formation  of  spores  will 
depend  entirely  on  the  temperature  and  moisture  conditions  under 
which  the  inoculated  apple  is  kept. 

The  spores  of  GheoHporluin  fructlgcnum  Berk,  germinate  on  gitipes 

when  they  are  almost  or  quite  ripe  (Southworth,  1891).     The  bitter 

taste  which  follows  the  attack  of  this  fungus  on  apples  is  absent  in 

diseased  grapes.     Hence  the  more  common  designation  of  "ripe  rot" 

for  the  same  disease  of  the  grape.     On  white  grapes  small   reddish - 

brown   spots  appear,  which  spread  and  become  darker  as  they  grow 

older,  until  the  spots  have  an  almost  purple  center  with  a  bright  brown 

border.     The  pustules  on  the  grape  arc  at  first  white,  then  darker, 

until  they  are  almost  black.     The  spores  are  flesh-colored.     The  berry 

ultimately  dries  up,  but  does  not  turn  black.     Dark-colored  gmpes 

how  no  color  changes  when  attacked. 

THE   CONIDIA 

The  spores  of  Gla'OHporluin.  fruvtujtmum.  Berk,  produced  in  the 
sori,  and  commonly  called  conidia,  are  pinkish- colored  en  masse.  This 
color  varies  from  a  light  fresh  pink  to  a  darker  reddish  pink.''  When 
highly  magnified  they  have  a  very  delicate  light-green  color.  This 
color  is  quite  distinct,  and  it  seems  strange  that  of  manj^  observers 
Alwood  (1804)  seems  to  be  the  only  one  to  recognize  this  greenish 
color.  Clinton  (1902)  states  that  the  conidia  are  colorless,  while  Miss 
Southworth  (1891)  says  that  they  are  hyaline. 

In  size  and  form  the  conidia  are  extremely  variable.  The  great 
variability  in  these  respects  has  probably  been  responsible  for  the 
difficulties  which  manv  observers  have  labored  under  when  it  came  to 
deciding  which  of  the  several  fungi  causing  similar  diseases  of  fruits 

«  One  of  the  writers  noted  apples^  which  had  been  inoeu'ated  in  the  laboratory  and 
bore  only  cream-colored  8j#ore  masses.  The  spores  seemed  to  be  perfectly  normal  in 
other  ways. 
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properly  belonged  to  this  particular  species.  Alwood  (1894)  was  able 
to  produce  in  the  same  culture  spherical,  dumb-bell-shaped,  oblong-, 
ovoid,  and  cylindrical  conidia.  Although  such  extreme  forms  wex^ 
not  found  by  the  present  writers,  they  agree  with  Alwood  and  others 
that  the  form  variation  is  certainly  large.  The  general  form  of  the 
conidia  developed  on  fruits  and  in  cultures  may  be  characterized  fts 
oblong  or  cylindrical,  sometimes  slightly  curved  (PI.  V,  fig.  1). 

Extremes  in  sizes,  gathered  from  all  other  writers,  were  from  6  to 
40  /<  in  length  and  from  3.5  to  7  /*  in  width.  The  dimensions  given 
by  some  may  l)e  mentioned.  Alwood  gives  10  to  12  /i  X  4  to  6  a*- 
Saceardo's  measurements,  20  to  30  /«  X  6  to  6  /i,  are  probably  of 
exceptionally  large  spores.  The  average  size,  as  determined  by  the 
writers,  is  12  to  16  /«  X  4  to  6  /i. 

Miss  South  worth  says  of  the  conidia:  "They  are  apt  to  be  shorter 
and  thicker  on  the  apple  [than  in  cultures],  and  in  dry  than  in  moist 
surroundings.'' 

The  spores  can  not  and  should  not  be  taken  as  a  criterion  in  deter- 
mining whether  any  particular  fungus  is  Gloeosporiwtn  fructigetium 
Berk.,  since  the   spores  of  other  species  of  Gloeosporium  closely 
I  resemble  those  of  the  bitter  rot.     The  great  variability  in  size  and 

form  of  man\'  fungi  of  a  more  or  less  saprophytic  nature  is  coming  to 
!  be  more  widely  recognized,  and  the  former  method  of  lumping  or 

i  sepamting  many  forms  simpl}'  by  spore  characteristics  is  rapidly  giv- 

I  ing  way  to  a  clearer  conception  of  the  relationship  based  upon  more 

constant  characters. 

The  ripe  conidia  are  filled  with  a  finely  granular  protoplasm.  Near 
the  middle  and  usually  a  little  to  one  side  a  clear  hyaline  area  is  gen- 
erally visible  (PI.  V,  fig.  1).  It  is  at  this  point  that  the  septum  forms 
during  germination.  Normally,  the  conidia  are  one-celled  until  they 
gerniiuate.  They  resemble  the  ascospores  of  this  same  fungus,  and 
the  two  can  hardly  be  distinguished.  As  a  rule  the  ascospores  are 
slightly  curved,  while  the  conidia  are  straight. 

GROWTH   IN   CULTURES — CX^MDIAL   AND   A8CU8   8TA0KS. 

Freshly-formed  conidia  of  the  bitter-rot  fungus  germinate  in  three 
or  four  hours  when  put  in  water  at  room  temperatui'e.  Just  before 
germination  a  septum  f reciuently  forms  at  or  near  the  middle  of  the 
spore,  thus  making  a  two-celled  spore  (PI.  V,  fig.  2).  A  spore  may 
produce  one,  two,  or  more  i*arely  three,  germ  tubes  (PI.  V,  tig.  2). 
Where  a  wall  forms,  those  two  germ  tubes  start,  one  from  each  end  of 
the  spore.  Short  spores  generally  have  but  one  tube.  When  the 
spores  genninate  in  drops  of  water  they  became  va<juolated  after  a 
few  hours,  and  after  five  or  six  hours  thej'^  become  entirely  empty. 
When  germinated  in  bouillon  or  on  agar,  the  protoplasm  remains 
finely  graimlar  for  some  time  and  the  cells  itirely  become  entirely 
emptied. 
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The  g^erm  tubes  grow  in  length  with  great  rapidity,  reaching  a 

ogth  three  or  four  times  that  of  the  spore  (PI.  V,  fig.  2)  in  three- 

burths  of  an  hour.     In  a  water  medium  the  first  h\'ph8e  grow  to  con- 

jriderable  length  before  branching.     In  bouillon  or  agar  they  branch 

when  two  to  three  times  as  long  as  the  spore.     Septa  form  very  early 

in  the  development  of  the  mycelium  (PI.  V,  fig.  2). 

Fusions  between  neighboring  hyphse  are  common  both  in  the  apple 
fruit  and  in  cultures.     The  young  hyph«  are  colorless  and  are  filled 
with  a  granular  protoplasm.     When  growing  in  the  tissues  of  the 
.  apple,   the    young  hyphsB  soon  turn  darker  and   ultimately  Ijecome 
brown-      ^Vhen  an  abundant  food  supply  is  at  hand  the  mycelium 
grows  to   large  dimensions,  and  it  may  be  several  days  before  any 
fruiting"  bodies  are  formed.     These  are  usually  conidia  formed  by  a 
process  of  abstriction  at  the  end  of  short  lateral  hypha?  (PI.  V,  fig.  7). 
These  conidia  develop  with  great  rapidity  (Clinton,  1902),  so  rapidly 
that  in   twelve  hours  an  agar  plate  will  appear  as  if  covered  with  a 
powdery  mass.     When  growing  under  unfavorable  conditions,  so  that 
the  mycelium  is  starved,  some  of  the  hyphal  tijw  will  swell  consider- 
abl\%  and  a  wall  will  cut  off  the  swollen  end  (PI.  V,  fig.  2).     The  walls 
of  this  swelling  turn  dark  red-brown  and  thicken  spmewhat,  forming 
what  appears  to  be  a  spore  (PI.  V,  fig.  2).     A  bright  translucent  spot 
fe  usually  present  near  the  center.     These  brown  bodies  have  various 
shapes  and  appear  to  be  formed  by  most  species  of  the  genus  Gloeo- 
sporium.     Miss  Stoneman  (1898)  figures  them  for  G.  fructigenum  and 
G.    naviculi%p<muiiu     Miss    Southworth   (1891)   and   Clinton   (1902) 
obtained  them  in  cultures  of  Gloeosporiuvi  fructigenum,     GlcRosporiuin 
cact^yruni  forms  very  fantastic  bodies  which  bud  and  develop  short 
twibes  (PI.  V,  fig.  4).     Halsted  (1892)  published  an  extended  account 
dealing  with  some  of  these  secondarj^  spores.     Many  attempts  were 
made  to  cause  the  bodies  formed  by  Glceosporiuvi  ft^uctlgt^uni  to  ger- 
minate, but  so  far  without  success.     They  probably  represent  a  form 
of  chlamydospore,  which  may  have  to  undergo  a  resting  pt>riod  before 
developing. 

The  conidia  formed  freely  from  rapidly  growing  mycelium  on  agar 
resemble  those  from  the  pustules  on  apples  in  all  respects.  They  ger- 
minate in  a  similar  manner,  and  the  mycelium  which  they  give  rise  to 
may  produce  similar  conidia,  pustules,  or  perithecia,  as  the  case  may 
be,  depending  upon  the  i^e  of  the  fungus,  the  food  supply,  etc.  The 
fungus  can  be  made  to  grow  continuously,  producing  crops  of  conidia 
without  the  production  of  the  other  stages. 

When  kept  growing  on  apple  agar  several  crops  of  conidia  usually 
form,  as  described  above,  and  when  the  food  supply  has  been  partially 
exhausted  the  production  of  conidia  gradually  stops.  The  first  lot 
of  conidia  have  germinated  by  this  time  and  have  produced  mycelia, 
so  that  a  petri  dish  with  a  pure  culture  of   the  bitter-rot  fungus 
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is  covered  with  a  dense  growth  of  mycelium  after  a  period  of   f rou 
ten  to  fourteen  days.     At  about  the  time  when  the  conidia  cea«e  to  b 
formed  small  ])lack  knots  appear  among  the  tangled  mass  of   hy  pha 
looking  much  like  warts.     Drops  of  a  yellowish  liquid  freciuendi 
exude  from  these  black  bodies  (PL  VI,  fig.  1)      The  latter  incre«u«e  ii 
size  and  frequently  form  masses  one-fourth  of  an  inch  in  diameter 
Cultures  on  apple  agar  will  show  good-sized  masses  of  this  kind   iu 
from  twelve  to  eighteen  days.     These  black  masses  contain  tho  |>eri- 
thecia  of  the  bitter-rot  fungus. 

The  perithecia  and  asci  were  first  described  by  Clinton  (1902),  ivho 
proved  their  connection  with  the  bitter-rot  fungus  {GlceosjH^rinut  ^r 
tigenum  Berk.)  by  inoculating  ascospores  into  apples  and  prodiioi; 
the  bitter  rot.  The  fonnation  of  perithecia  was  found  by  the  writers 
to  occur  with  great  constancy  under  appropriate  conditions.  As  a 
rule  the  perithecia  form  in  old(>r  cultures  only. 

The  black  nodules  in  which  the  perithecia  are  embedded  are  hard 
masses  of  mycelium,  which  may  be  chai'acterized  as  carbonaceous. 
They  are  very  irregular  in  shape  and  var}^  in  size  from  a  small   pin 
head  to  one-foui*th  of  an  inch  in  diameter.     The  perithecia,  from  one 
to  many,  are  embedded  in  this  carbonized  mass.     In  apple-agar  cul- 
tures the  perithecia  form  when  the  black  nodules  are  still  very  small. 
When  there  is  but  one  perithecium  in  a  nodule  it  is  almost  spherical; 
when  there  are  several,  they  arc  somewhat  flattened  laterally,  and 
sometimes  very  irregular  in  form.     There  is  no  beak.     Clinton  (19(>2) 
found  the  perithecia  to  be  from  125  to  250  /i  in  length.     These  meas- 
urements agree  fairlv  well  with  those  found   bv  the  writers.     The 
walls  of  the  perithecia  show  marked  reticulations  about  6  to  14  >«  in 
diameter.     The^sc  are  quite  marked  in  the  early  stages,  but  become 
obscured*  as  the  perithecium  matures. 

The  asci  (PI.  V,  fig.  (5),  which  occur  in  considerable  numl)ers  in  a 
perithecium,  are  oblong-clavate  in  form,  55  to  70  ^  by  9  ;<,  often  with 
a  slight  pedicel,  and  are  compai'atively  thin  walled.     When  mature 
they  break  open  and  disappear  rapidly.     They  contain  8  ascospores, 
which  are  usually  arranged  in  pairs,  more  rarely  in  oblique  serie»s. 
The  spores  resemble  the  conidia  formed  direct!}'  on  the  mycelium,  so 
much  so  that  they  might  easily  be  taken  for  conidia.     They  are  per- 
haps curved  a  little  more  than  the  conidia,  a  character  which  can  some- 
times be  used  to  separate  the  two,  but  not  always.     The  ascospores 
and  the  conidia  are  about  the  same  size,  though  the  former  are  not  as 
variable  as  the  conidia,  measuring  12  to  22  yw  by  3.5  to  5  /i.     Their 
great  rescMublance  has  probably  led  to  the  ascospores  remaining  undis- 
covered for  so  manv  vears.     The  asci  are  short  lived  and  after  thev 
have  discharged  the  spores  they  vanish.     When  found  in  apples  it  is 
practically  impossible  to  tell  whether  any  particular  spore  is  an  asco- 
spore  or  a  conidium.     The  ascospores  germinate  much  in  the  same 
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iumner  as  the  conidia,  and  the  description  given  for  the  germination 
m  the  conidia  will  hold  for  the  ascospores. 
Conidia  w^ere  found  in  the  bitter-rot  canker  during  the  summer  of 

902,  and  in  the  latter  part  of  1902  perithecia  and  asci  were  found  in 
e  canker.     (Science,  17: 188, 1903.)    The  description  of  these  will  be 

iven  below  in  discussing  the  cankers. 

The  bitter- rot  fungus  grows  readily  on  most  culture  media.  It  grows 
Tigoroasly  on  apple  agar,  on  sterilized  apple  wood  or  leaves,  on  sterile 
pine  blocks,  bean  stems,  etc.  It  is  in  many  respects  a  true  saprophyte. 
It  is  questionable  whether  it  ought  to  be  considered  a  parasite  at  all 
thnes  when  growing  on  the  ripe  fruit  in  the  orchard,  for  at  the  time  it 
attacks  such  fruit  the  latter  is  practically  full  grown  and  is  no  longer 
cwnposed  of  cells  or  tissues  which  will  react  when  stimulated.  The 
fungus  develops  best  at  temperatures  ranging  from  33°  to  38"^  C. 
(91.4^  to  lOOA^  F.).  Apples  which  were  kept  in  incubators  at  38"^  C. 
•fter  infection  showed  decayed  spots  1  inch  in  diameter  in  from 
one  to  three  days.  Cold  checks  growth  materially,  and  at  2°  C.  or 
35.6^  F.  (cold-storage  temperature)  no  further  growth  takes  place. 
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About  the  middle  of  the  last  century  a  number  of  fungi  were 
described  by  M.  J.  Berkeley  as  growing  on  various  fruits  and  bring- 
ing about  their  decay.  In  1854  he  published  the  discovery  of  a  fungus 
growing  on  grapes  which  caused  ripe  rot.     He  says  of  this: 

The  surface  of  the  spots  is  rough,  with  little,  raised,  orbicular,  reddish  bodies 
arranged  in  concentric  circles  and  easily  separating  from  the  matrix,  which  is  per- 
forated for  their  protrusion.  The  outer  surface  of  these  boilies  consists  of  delicate 
cells,  with  a  distinct  darker  nucleus,  and  when  this  is  removed  a  lobed  hymenium 
is  seen  within,  rough,  with  distinct  sporophores,  each  of  which  is  surmounted  by  an 
oblong  spore,  sometimes  constricted  in  the  center,  and  occasionally  so  nuich  so  as  to 
become  pyriform,  and  varying  in  size  from  ^inn  to  jj^  inch.  In  age  the  perithecia 
fall  away,  leaving  a  little  aperture,  the  border  of  which  is  often  stained  with  black. 

Berkeley  named  this  fungus  Septmna  rufo-macnlansi^  n.  sp.  He  fig- 
ures pycnidia  and  spores,  and  for  reference  the  latter  are  reproduced 
herewith  (fig.  4).  In  1860  he  changed  the  name  to  AHCoeltyia  iitfo- 
triactilati^.  Von Thumen  (1879)  renamed  this  grape  fungus  Glieosporiuin 
nif(Hmacnlans  (Berk.)  v.  Th. 

In  1856  Berkeley  described  a  fruit-rotting  fungus  growing  on  apples, 
which  he  called  G1<jeosporium  fractigimxnn^  n.  sp.  This  is  the  first 
authentic  description  of  a  fungus  causing  bitter  rot,  or  ripe  rot,  of 
apples.     Berkeley  says  of  this  fungus: 

On  examination  each  plant  was  found  to  consist  of  a  branched  inosculating  myce- 
lium, giving  rise  to  simple  or  forked  subfastigiate  irregular  threads,  each  tip  of  which 
was  surmounted  by  an  oblong,  cur\'ed,  or  irregular  spore  about  yi^  of  an  inch  in 
length.    There  was  not  the  slightest  trace  of  an  investing  membrane  or  perithecium. 


!  ■ 
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He  refers  to  the  description  of  a  grape-rottiog  fungus  two  y^ 
before,  and  seems  inclined  to  doubt  the  wisdom  of  considering'  tj 
apple  fungus  a  new  epecies. 

The  sporee  (of  the  apple  fungus)  are  more  inclined  to  be  curved,  rather  longa 
and  not  80  variable  in  size,  and  the  want  of  a  perithecium  separated  the  two  wideJ 
from  each  other.  *  *  *  At  the  same  time  these  organiams  are  ao  diflerent  in  di 
ferent  conditione  that  I  would  not  Affirm  that  the  two  produL'tiona  &re  ea^eiitiall 
different,  and  the  more  especially  because  in  external  appearance  and  habit  they  ai 
BO  perfectly  identical. 

Berkeley's  figures  of  this  fungus  are  i-eproduced  in  figure  5. 

In  1859  Berkeley  published  the  name  Ol-enoKpariuin  Ixtlcol'tr  n.  wp. 
applying  it  to  a  fungus  growing  on  peaches  and  nectarines.  He  evi 
dently  regarded  this  species  aH  quite  dii^tinct  from  the  apple  and  ^rap 


fungi,  as  he  speaks  of  these  in  the  following  words  (p.  ti76):  "A  plant 
of  the  name  genus,  destructive  to  apples,  is  figured  and  des<'ribe<l  in 
this  joumai  (Gardeners'  Chronicle,  1856,  p.  245).  •  "  *  We  may 
also  refer  to  the  very  similar  pixMuetion  on  grapes.'' 

In  1874  Berkeley  and  Curtis  described  a  fungus  growing  on  apples 
in  South  Carolina,  calling  it  G1'i^/.mj>or>  wm  vfrticolor  n.  sp.  They 
appeared  anxious  to  emphasize  the  fact  that  this  new  fungus  was  not 
GhBOnporium  fntctiyenum^an  they  say:  '■It  is  very  different  in  habit." 

In  the  years  following  this  last  description  the  accounts  dealing  with 
the  bitter-rot  fungus  on  apples  in  the  United  States  speak  of  ita^ 
Gla/mporium  friuiigi-imiii  [ierk,,  using  the  name  given  for  the  fun- 
gus on  apples  by  Berkeley  in  185(i. 

When  Miss  Southworth,  in  1891,  published  an  article  on  the  bitter- 
rot  fungus  she  reviewed  the  older  accounts  of  fungi  causing  bitter  rot 
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■  ripe  rot  of  fniits.  aod  decided  to  accept  the  name  Ol<Bosporium 
^f-iigenuin.  Berk,  for  the  funguH  oauiiing  the  bitter  rot  of  apples. 
Sie  pfives  her  reason  for  ao  doing  in  the  following  words: 


w  make  the  epeeiflc  name  rafu- 
iH  bIbo  Berkeley's  name  it  will 


r  ITie  rtrit-t  la'w  of  priority  might  demaiiii  that  w« 
maruiam,  but  since  the  better-kDown  (!.  friteUgen 
iKtraSn  eo  in  this  paper. 

I  At  thLs  point  it  will  be  necessary  to  refer  again  to  the  results  which 
jMisH  South-worth  obtained  by  iooculating  grapes  with  spores  of  the 
apple  bitter-i-ot  fungus  (Gkeonpurium  fniH'igvnuiii  Berk.)  and  apples 
iwith  the  grape  riperot  fungus  ( GhfixjH'rluia  rufo-iiiacuhinH  (Beik.)  v. 
Th.),  In  both  cases  a  bitter  rot  or  a,  ripe  rot  of  the  respective  fruits 
followed,  which  led  Miss  Southworth  to  regard  the  bitter-rot  fungus 
and  the  ripe-rot  fungus  as  one  and  the  same  species.  Ttie  experiments 
of  Halsted  <189-i)  seemed  to  verify  Miss  Southworth's   experiments 


snd  to  show  that  the  same  fungus  caused  the  rijic  rot  not  only  of 
apples  and  grapes,  but  also  of  quinces,  pears,  [waehes,  nivtnrines. 
peppers,  and  other  fruits. 

Summing  up  the  foregoing,  it  appears  that  several  fungi  causing 
fruit  rotit  have  been  descrif)cd  mider  the  impression  that  they  were 
distinct  sppfiies.  More  recent  investigatiotis  have  demonstrated  that 
in  all  probability  the  same  fungus  has  caused  t}ie  various  ripe  rots  of 
fruits.  The  different  forms  variously  described  as  G}(vonporiiini  friic- 
tigeimni,  Gl4fogpari uni  ritfc-miiftihiiis,  (r'/ieotiporium.  verst'col-or,  and 
GliroHporhmt.  hetleolw  probably  differ  only  in  minor  characters,  such 
as  in  the  size  and  form  of  the  spores.  The  effects  which  they  produce  on 
different  fruits  vary  as  to  color,  size  of  spots,  etc.  Thew  differences 
are  readily  intelligible  in  view  of  the  better  knowledge  which  we  now 
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have  concerning  the  influence  of  different  substrata  on  morphological 
chai'acters  of  plants.  This  is  particularly  true  of  saprophytic  fungi, 
which,  like  the  ripe-rot  or  bitter-rot  fungus,  can  grow  on  media  of 
widely  different  chemical  compositions.  An  abundant  food  supply 
may  result  in  the  production  of  very  large  spores,  just  as  a  meager 
supply  may  be  followed  by  the  formation  of  smaller  spores. 

The  various  fruits  under  consideration  have  a  different  structure  and 
they  differ  chemically.  It  might,  therefore,  be  expected  that  there 
would  be  slight  differences  in  the  structure  of  the  fungus,  and  also  in 
the  external  appearance  of  diseased  fruits. 

In  cultures  the  various  forms  behave  similarl3\  No  such  distinct 
physiological  strains  as  were  described  for  Neoconmo^jHyra  iHiMt\fecta 
by  Erwin  F.  Smith  (1899,  p.  89)  could  be  established.  This  is  prob- 
ably due  to  the  more  or  less  saprophytic  nature  of  the  fungus. 
Gloiosporium  friictigeiiuni  Berk,  is  not  bound  so  strictly  to  the  apple 
cell  as  the  robt-rot  fungus  is  bound  to  the  cowpea,  the  cotton,  or  the 
watermelon. 

Assuming,  then,  that  the  four  species  mentioned  above  are  one  and 
the  same,  it  becomes  necessary  to  choose  one  of  the  four  specific  names. 
According  to  the  generally  accepted  rules  of  nomenclature,  the  name 
under  which  the  fungus  was  first  known  takes  precedence,  and  in  this 
case  it  is  Gloeoaporivm  rafo-maculuns  (Berk.)  v.  Thumen. 

This  would  have  been  the  name  of  the  bitter-rot  fungus  but  for  the 
discovery  of  the  perfect  or  ascus  stAge.  In  1902  Clinton  placed  the 
bitter-rot  fungus  in  the  genus  Gnomoniojms  Stoneman. 

In  1895  Miss  Stoneman  described  a  new  genus  Onoirwniop^is  in 
which  she  placed  (after  obtaining  in  cultures  the  ascosporic  stage)  the 
following  fungi,  hitherto  known  only  in  the  imperfect  stages  as  mem- 
bers of  the  Melanconiacea? :  Glivospm^iura  cingulata  Ai\i.^  Gl^xosparium 
p!.peratu7fi  E.  &E.,  ColUtotrlchmn  emctum  Berk.  &  Curt.,  and  CW- 
letotricJnvm  rublcolum  E.  &  E.  Clinton  included  the  bitter-rot  fungus 
Glmmporimn  fructwenum  Berk,  in  this  group  and  named  it  accord- 
ingly Gnmaonlcypsis  frnctlgenum  (Berk.)  Clinton.  It  is  under  this 
name  that  the  fungus  now  stands. 

In  esta))lishing  the  genus  Gnomoniopvsis  Miss  Stoneman,  however, 
overlooked  the  fact  that  six  years  prior  to  her  publication  Berlese 
(1892)  used  the  name  Gnomimlopsis  for  a  group  of  fungi  very  different 
from  the  perfect  form  of  the  Ghmsporiiun  which  she  described. 
Clinton,  in  accepting  Miss  Stoneman'^  name,  likewise  overlooked  the 
name  published  by  Berlese.  The  latter  raised  the  subgenus  Gnornoni- 
opsis  of  the  genus  Gmmwnia  as  used  by  Winter  (1887)  to  generic  rank, 
making  the  species  Gmnnonia  chamaeinori  (Fries)  the  type,  and  includ- 
ing in  the  new  genus  the  former  Gn/mumia  misdla  as  a  variety  of 
GnoDumiopsis  cJianiaeinm^l  (Fries).  Lindau  (1902)  accepts  Miss  Stone- 
man's  genus  Gnomoniopsis.  The  generic  use  of  G^wirumiapsh  by  Ber- 
lese in  1892  clearly  invalidates  Miss  Stoneman's  name,  and  it  becomes 
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^ry  to  rename  the  genus.  The  name  Glomerdla  is  suggested  by 
writers.  The  bitter-rot  fungus  would  accordingly  bex*ome  Glom- 
la  rufonia^culans  (Berk.)  Spaulding  &  von  Schrenk,  with  the  fol- 
ine  svnonvmv: 

GlonureUa rufomaculam  (Berk.)  Bpaulding  &  von  Schrenk. o 
SeploHa  rufo-yjnacidamt,  Berk.  (1864,  Gard.  Chronicle,  p.  676). 
Atcockyla  rufo-macuUm»f  Berk.  (1860,  Outlines  of  British  Fungology,  p.  820). 
OlfBocjmt  ium  nifo-maculaiutj  (Berk.)  v. Thtimen  ( 1879,  Fungi  Pomicoli,  p. 69). 
Gkt(»pQriuin  Jrudigenum^  Berk.  (1856,  Gani.  Chronicle,  p.  245). 
(rl(Botfporium  laeticolorj  Berk.  (1859,  Gard.  Chronicle,  p.  604). 
(fUro^porium  versicolor,  Berk,  and  Curt.  (1874,  Grevillea  8:  13). 
'      (Tnomoni€>ptfi8 fructigena,  (Berk.)  Clinton  (1902,  Bull.  111.  Agr.  Exp.  Sta.). 

The  new  genus  Glornerefla  stands  practically  for  the  genus  Ofumioni- 
$pift*  Stoneman,  and  accordingly  includes  all  the  species,  four  in  num- 
ber, which  were  placed  by  her  in  the  genus  Gno/noniopHis,  i.  e.,  they 
fceeome  GlornerelJa  chujulata  (Atk.)  Spaulding  &  von  Schrenk,  GUnn- 
ttrlhi  piperata  (E.  &  E.)  Spaulding  &  von  Sc^hrcnk,  GlomrreUa  chivia 
(Berk,  and  Curt.)  Spaulding  &  von  Schrenk,  Ghnneretla  nihlcolor 
(E.  &  E,)  Spaulding  &  von  Schrenk. 

Gloinerella  rufimiaculanH  may  be  described,  using  the  description 
given  by  Clinton  (1902),  which  agrees  with  the  finding  of  the  writers 
»  well  that  it  fully  covers  all  points. 

Olonierdla  n.  n.  {(rnomoiiiojmft  Stoneuian,  not  Berlese).  Perithecia  membrana- 
<'eoii8,  dark  brown,  Hpherical  to  flask-shaped,  often  rostrate,  sometimes  evidently  hairy, 
Q^itoee  or  more  or  le^s  compound  and  immersed  in  a  stroma  with  which  they  often 
form  an  evident  hard  cushion;  asci  oblong  to  clavate,  often  fuga<!iouH,  aparaphysate; 
\  ■acospores  hyaline,  apparently  eight,  distichous,  oblong,  usually  slightly  curved,  uni- 
cellular.    Permanent  stage  of  Gliesporium-like  fimgi. 

Olomerella  rn/omaculans  (Berk.)  Spaulding  &  von  Si'hrenk.  Permanent  stage  devel- 
oping on  decayed  pomaceous  fruits;  forming  stromatic  cushions  (often  conceale<l  by 
^k  olive  mycelial  felt),  which  contain  immersed  and  more  or  less  comjxmnded, 
wbspherical  perithecia;  asci  subclavate,  often  slightly  pedicellate,  fugacious  55-70  jn 
in  length,  ascospores  alantoid,  with  evident  central  hyaline  area  chiefly  12-22  /i  by 
3.6-^5  //.  Glu?8porium  stage  causing  rotting  of  jwmaceous  fruits;  sori  small,  develojv 
ingmore  or  less  in  concientric  circles,  usually  soon  rupturing  and  oozing  out  spores 
in  small  pinkish  masses;  spores  greenish, '^  chiefly  oblong,  unicellular,  with  evident 
byaline  areas  when  fresh,  10-28  //  by  3.5-7  /<,  but  chiefly  12-16  //  by  4-5  //. 

To  this  must  be  added:  The  fungus  forms  cankers  on  apple  limbs,  l)earing  l)oth 
oonidia  and  perithecia. 

THE  CANKER  STAGE. 
DISCOVERY   OF  THE   CANKER. 

The  sudden  appearance  of  the  bitter-rot  fungus  late  in  the  summer 
and  ite  equally  sudden  disappearance  in  the  early  winter  have  long 
excited  conjecture  as  to  where  the  spores  w^hich  affected  the  first  apples 
every  year  came  from.     Diseased  apples  of  a  previous  year  hanging 

"The  writers  have  dn)pi)ed  the  hyphen  from  rufo-maciilans  in  order  to  simpHfy 
the  name,  as  was  done  by  Cooke  (1885). 
^Changed  by  the  writers.    The  original  says  '*  hyaline." 
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in  mummified  condition  on  the  trees,  or  lying  on  the  grouna  under  the 
trees,  probably  served  as  infection  centers  in  many  instances;  but  in 
many  cases,  although  all  mummies  and  diseased  apples  were  carefully 
removed  during  the  winter,  the  disease  reappeared  in  the  orchard. 
Another  feature  explained  with  diflSculty  until  recently  was  the  fiid 
that  even  with  many  specimens  of  bitter-rotted  apples  of  the  previous 
season  lying  on  the  ground  under  the  trees,  the  disease  first  manifested 
itself  in  the  tops  of  the  trees  and  very  rarely  on  the  bi'anches  nearei?t 
the  ground.  In  other  words,  it  was  difficult  to  understand  how  the 
spores  of  the  bitter-rot  fungus  got  on  the  fruits  in  the  tree  tops  from 
the  mummies  on  the  ground  without  first  infecting  those  on  the  lower 
branches.  It  had  been  noted  repeatedly  that  the  disease  frequently 
made  its  first  appearance  on  the  apple  tree  in  a  cone-shaped  area,  with 
the  apex  of  the  cone  near  the  top  of  the  tree.  It  was  this  observation 
oft  repeated  which  led  to  the  discovery  during  the  past  summer  of 
what  is  probably  the  winter  stage  of  the  bitter-rot  fungus. 

On  July  10,  1902,'*  Mr.  R.  H.  Simpson  discovered  peculiar  depres- 
sions on  many  l)mnches  of  apple  trees  in  his  orchard  at  Parkersburg,  III. 
Mr.  Simpson  was  at  that  time  employed  as  an  agent  of  the  Department 
of  Agriculture  to  conduct  spi*aying  experiments  looking  toward  the 
control  of  the  bitter  rot  of  apples  by  spraying  with  fungicides.  Mr. 
Simpson  had  been  hunting  for  the  source  of  the  first  infection,  and 
early  in^  July  he  noted  the  peculiar  cone-shaped  distribution  of  the 
fruit  which  showed  the  first  signs  of  the  bitter  rot.  On  many  trees 
the  grouping  of  the  infected, fruit  in  the  cone  shape  was  so  marked 
that  it  seemed  probable  that  the  disease  had  started  near  the  apex  of 
the  cone  and  had  spread  downward  and  outward.  In  nearly  every 
instance  Mr.  Simpson  found  blackened  depressions  of  a  characteristic 
appeai'ance  on  one  or  more  branches  at  or  near  the  apex  of  the  cone  of 
infected  fruit.  These  black  depressions  in  the  apple  limbs  occurred 
so  constantly  associated  with  earl}^  bitter- rot  infection  that  Mr.  Simpson 
proceeded  at  once  to  cutout  all  blackened  arejus  which  he  could  detect 
The  blackened  sunken  areas  in  the  apple  limbs  have  the  appearance  of 
''  cankers,"  as  this  term  is  generally  understood,  and  they  have  been 
called  cankers  since  their  first  discovery.  Mr.  Simpson  was  able  to 
locate  the  ciinker  in  more  than  1)5  per  cent  of  the  ca.ses  by  followinjf 
up  the  cone  of  infected  fruit  to  the  apex. 

On  the  day  following  Mr.  Simpson's  discovery  at  Parkei-sburg, 
Professors  Burrill  and  Blair,  of  the  University  of  Illinois,  visited  the 
orchard  at  Parkersburg  and  learned  of  Mr.  Simpson's  find.  Believing 
that  the  causal  relation  between  the  cankers  and  the  bitter  rot  wjuj 
thereb}'  established,  they  published  a  preliminary  note  in  a  circu- 
lar of  the  Agricultural  Experiment  Station  of  Illinois,  in  which  they 

«  The  discovery  of  the  apple  cankers  was  made  July  10,  1902,  in  the  afternoon,  s» 
in(iiciited  by  a  telegram  from  Mr.  Simpson  to  the  writers  on  the  same  day,  not  July  11, 
as  stated  in  Circular  No.  5S  of  the  Illinois  Agricultural  Experiment  Station,  July,  1902. 
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iKommended  cutting  out  all  cankers  in  apple  orchards.  This  prelim- 
kmrj  circular  was  followed  by  a  bulletin  on  the  same  subject,  giving 
ihistrations  of  the  cankers  and  results  of  experiments,  showing  that 
tttter-rot  spores  occurred  in  the  canker  and  that  apples  could  be 
bfected  from  cankers. 

InTestigatioDS  as  to  the  relations  of  the  cankers  and  the  bitter  rot 
•ere  begun  by  the  writers  two  days  after  Mr.  Simpson's  discovery. 
jthese  hav^e  been  continued  up  to  the  present  time  and  will  be  carried 
on  further. 

DESCRIPTION    OF  THE   CANKER   STAGE. 

The  cankers  found  on  apple  trees  in  Illinois  appear  as  blackened 

depressions   on  apple  limbs  of  various   sizes,  from  last  year's  fruit 

flpars  to  limbs  3  to  4  inches  in  diameter.     Thus  far  the  cankers  have 

■ot  been  found  on  the  main  trunk.     On  these  limbs  rounded  or  oblong 

8ooty-black  sunken  spots  occur  from  one  to  several  inches  long,  which 

have  more  or  less  ragged  edges.     (See  Pis.  VII  and  VII I.) 

I    The  entire  bark  is  killed  for  a  considerable  distance  back  (Pis.  VII 

I  and  VIII),  and  the  dead  bark  appears  cracked  and  tissured  and  in  some 

I  instances   broken  away.     In  many  cankers  regular  transverse  cracks, 

I  caosed  hy  the  drying  out  of  the  bark,  are  very  marked.     As  the  bark 

i dries  out  it  adheres  very  firmly  to  the  underlying  wood.     As  a  result 

i  of  the    decrease  in   volume  of  the  affected   bark   and  cambium,  a 

nmrked  flattening  and  final  depression  take  place  on  the  affected  limb. 

Around  the  dead  areas  a  healing  callous  layer  usually  forms  (PL  VII, 

fig.  1;  PI.  IX,  figs.  1  and  4).     This  starts  at  the  edges  of  the  dead 

I  areas  and  pushes  toward  the  center,  frequently  lifting  the  dead  bark 

at  the  edges.     The  appearance  of  this  callous  layer  makes  the  cankered 

spots  look  more  and  more  sunken.     It  will  l>e  noted  that  most  of  the 

cankered  spots  show  the  presence,  near  the  center,  of  a  small  branch 

or  of  a  branch  stub.     There  may  be  some  relationship  between  the 

formation  of  the  cankered  spot  and  a  diseased  fruit  borne  on  such  a 

small  branch  in  a  previous  year.     That  is,  however,  a  mere  conjecture. 

,     On  cross  sections  of  cankers  one  frequently  finds  that  at  its  very 

I  center  the  wood  has  been  dead  for  two  years.     (See  PI.  VIII,  fig.  1.) 

The  small  hole  in  the  wood,  two  rings  in,  shows  where  the  small  branch 

broke  away.     This  dying  and  breaking  away  of  the  small  branch 

v^ould  point  to  the  fact  just  mentioned,  that  the  canker  may  sometimes 

start  in  the  branch. 

The  wood  of  the  branch  immediately  below  a  cankered  spot  is  dis- 
colored for  a  considerable  distance  toward  the  center.  (Sec  PI.  VIII, 
fig.  1.)  The  discoloration  is  brown  and  resembles  that  found  in  many 
hardwood  trees  in  the  region  below  a  wound.  The  wood  cells  and 
medullary  rays  in  the  discolored  region  are  filled  with  a  light  brown 
mass,  readily  solublf^  in  c^lkalis,  which  l^^ds  one  to  class  it  as  one  of 
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the  hurnuH  compounds.  It  is  probably  one  of  the  decomposition  prod- 
ucts which  forms  when  the  bark  and  cambium  are  killed  and  which 
infiltrates  the  wood.  One  finds  numerous  fungous  hyphae  in  the 
medullary  i-a}^  cells  and  the  larger  vessels,  but  at  this  stage  it  is  not 
possible  to  say  whether  these  are  hyphfe  of  the  bitter-rot  funguii. 
Further  studies  in  this  direction  are  being  made. 

The  formation  of  the  cankered  spot  prolmbly  starts  at  some  small 
wound  (or  branch,  as  stated  above).  The  fungus  l)egins  to  grow  in 
the  living  hark  and  kills  the  bark  and  the  cambium.  As  a  result  no 
new  wood  is  formed  at  the  point  where  the  cambium  is  killed  (see  PL 
VIII,  fig.  1),  and  a  small  depression  forms  as  the  wood  at  the  edges  of 
the  dead  cambium  increases  in  thickness.  As  the  fungus  grows  out 
from  the  original  jx)int  of  infection,  more  and  more  bark  and  cambium 
are  killed,  until  at  the  end  of  the  growing  season  a  large  spot  on  the 
limb  is  dead. 
Since  there  is  always  a  small  series  of  wood  cells  formed  at  the 

beginning  of  the  year  during  which 
the  attack  takes  place,  the  fungus 
probably  starts  to  grow  in  the  bark 
early  in  June.     (See  fig.  6.) 

The  majority  of  the  cankers  found 
during  the  last  summer  probably  were 
started  two  3^ears  ago.  During  the 
first  year  the  fungus  made  ver}'  little 
headway.  A  very  small  central  area 
was  killed,  generally  around  and  in- 
cluding a  small  branch.  The  following 
year  the  larger  part  of  the  canker  was 
formed.  Whether  the  cankers  will  con- 
tinue to  increase  in  size  is  as  3'et  undetennined,  but  it  does  not  seem 
probable,  for  if  such  were  the  case  cankers  three  or  more  years  old 
ought  to  have  been  secured  in  the  orchards  where  the  bitter  rot  has 
been  common  for  manv  vears. 


Fui.    ft.— DiagrammAtic   cniKs   section   of 
apple  canker. 


BEIiATION  OF  THE  CANKERS  TO  THE  BITTER  ROT. 

The  discovery  of  the  cankers  was  brought  al>out  directly  by  tracing 
groups  of  diseased  apples  to  these  sunken  areas  on  apple  limbs.  The 
numerous  observations  made  by  Mr.  Simpson  and  by  those  who  fol- 
lowed him  seemed  to  prove  beyond  ({uestion  that  the  cankers  were  inl 
some  way  responsible  for  the  infection  of  the  apples.  Instancies  were 
frequent  where  two  or  more  apples  hung  just  below  a  canker.  The* 
were  generally  badly  disc^asod,  while  all  other  apples  in  their  inunedi- 
ate  vicinity  were  perfectly  health}'. 

Although  it  seenuul  extremely  probable  from  Mr.  Simpson's  ol>ser- 
vations,  confirmed  and  extended  by  the  writers,  in  his  orchard  and 
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other  orchards,  that  a  caui»al  relation  existed  between  the  canker 
apple  limbs  and  the  bitter  rot,  it  was  by  no  means  positively  proved 
t  the  bitter-rot  fungus  {Glatnei'dla  ruff/macuUiriH (Berk.)  Spaulding 
von  Schrenk)  produced  the  cankers  on  apple  limbs.  Experiments 
ere  accordingly  started  to  determine  whether  any  such  relation 
€xist€d.  Examination  of  the  cankers  showed  the  presence  of  unicel- 
ar  spores  resembling  the  spores  of  Glomerella  rufomaciilatiii  Berk, 
most  cases  there  also  occurred  numerous  unicellular  brown  spores 
f  a  fungus  which  was  probably  SphcerapsiH  vtalorum  Peck.  There 
J^ere  spores  present  now  and  then  of  TricotJieclum  roHeitm  and  a  species 
bf  Alternaria,  but  the  unicellular  colorless  spores  {Glomerdla  nifo- 
mactdaruit)  and  the  unicellular  brown  spores  {Sphjeropah  inalonna)  were 
qaite  constantly  present.  The  mere  presence  of  spores  of  any  one 
fungus,  even  when  constantly  associated  with  a  canker,  is  no  proof 
that  the  fungus  producing  these  spores  causes  the  cankers.  It  is 
strong  presumptive  evidence,  but  no  more.  That  the  colorless  one- 
celled  spores  were  spores  of  Glomerella  rufmtuiculans  was  proved  after 
a  few  days  by  inoculating  some  of  these  spores  obtained  from  a  canker 
into  healthy  apples.  These  showed  unmistakable  signs  of  the  bitter  rot 
ina f e\v  days.  (See  PL  II.)  This  experiment  was  repeated  many  times, 
using  control  fruits  with  every  culture.  In  every  case  the  bitter  rot 
appeared  in  inoculated  fruits,  while  the  check  fruits  remained  sound. 
Fearing*  that  the  spores  which  caused  the  disease  in  these  cases  might 
have  simpl}'  rested  in  the  bark  of  the  cankers,  numerous  cultures  on 
apple  agar  were  made  from  pustules  in  the  bark  of  cankers,  and  from 
these  pure  cultures  of  the  bitter-rot  fungus  were  obtained. 

Spores  from  such  pure'cultures  were  inoculated  into  sound  apples, 
using  control  fruits,  and  these  also  produced  the  disease  (PI.  VI, 
figs.  3  and  4).  These  cultures,  repeated  for  several  months  and  under 
different  conditions,  left  little  doubt  that  the  cankers  on  apple  limbs 
contained  spores  of  the  bitter-rot  fungus  {Gl<rfnereUa  rufomacnlanH 
Berk.). 

A  number  of  tests  were  made  to  determine  whether  the  spores 
could  be  washed  from  a  canker  onto  apples  by  water  falling  on  the 
cankers.  The  first  test  of  this  kind  was  made  by  Mr.  Simpson.  To 
insure  rapid  action  on  the  part  of  the  fungus,  he  punctured  an  apple, 
and  then  allowed  water  to  run  from  a  canker  on  the  fruit.  After 
several  days  this  apple  showed  unmistakable  sic^ns  of  the  discjvse. 

It  now  became  a  matter  of  considerable  importance  to  determine 
Nfhat  connection,  if  any,  existed  between  the  bitter-rot  fungus  and  the 
cankers.  It  was  very  possible  that  the  cankers  served  merely  as 
lodging  pla<!es  for  the  bitter-rot  fungus  or  its  spores.  The  presence 
of  numerous  spores  of  what  was  believed  to  be  Sphivripniti  vmlanim 
suggested  that  this  fungus,  which  is  known  to  form  cankers  on  apple 
limbs   (Paddock,    1899  and    1900)   resembling  those   in   the  Illinois 
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orchards,   might  be  the   canker-forming  fungus.     This   suppoHitioi 
was  strengthened  by  the  fact  that  many  of  the  Illinois  cankers  had 
the  sooty  black  appearance  characteristic  of    the    black-rot     applil 
cankers. 

To   determine   whether    the    bitter-rot    fungus   {GlortierelZa.    ruff^ 
TJiaciilans)  could   form   cankers,  a  number  of  trees  in  the  Missouri 
Botanical  Garden  were  selected.     Small  longitudinal  slits  were    cut 
into  the  bark,  reaching  the  cambium  layer,  two  slite  on  every  branch. 
Into  the  upper  slit  spores  from  pure  cultures  of  Glonierella  rufanta^m- 
lans  (made  from  diseased  apples  and  from  cankers)  were  introduced. 
The  second  slit,  from  3  to  6  inches  below  the  first,  was  used  as  a  con- 
trol.    A  large  number  of  control  slits  were  used,  as  it  was  possible  for 
spores  fl3'ing  about  in  the  air  to  enter  the  infected  slits  and  thereby 
vitiate  the  results.     It  may  be  said  at  this  point  that  in  no  case  did 
any  of  the  control  slits  show  any  signs  of  canker  formation.     A  num- 
ber of  inoculations  were   made,  using  pure  cultures  of  GUnneretta 
rufomaculans  obtained    from   apple  cankers   in   Illinois    and    from 
diseased  apples.     Inoculations  were  likewise  made  with   ascospores 
obtained  in  apple  agar  cultures.     The  first  infection  of  apple  limljs 
was  made  July  16,  1902. 

The  inoculations  were  made  by  inserting  a  needle  with  spores  into 
the  freshly  made  slit,  or  by  spraying  water  into  the  slit  and  then 
placing  some  spores  in  the  drop  of  water.  Some  of  the  slits  were 
covered  with  grafting  wax  or  with  cloth  waxed  with  a  cocoa-butter 
mixture,  as  it  was  thought  that  the  uncovered  slits  might  be  infected 
by  bitter-rot  spores  from  the  air.  The  results  showed  that  this  pre- 
caution was  useless,  as  none  of  the  uncovered  control  slits  showed  any 
signs  of  being  infected. 

Several  weeks  elapsed  before  there  was  any  evidence  of  developn 
ment  on  the  limbs.  In  both  the  inoculated  slits  and  the  control  slits 
the  bark  dried  somewhat  along  the  edges  of  the  slit,  making  a  gaping 
wound.  After  some  two  weeks  a  distinct  callous  laver  had  formed 
under  the  edges  of  the  bark  of  the  control  slits.  The  two  callous 
layers  joined  after  six  to  eight  weeks  and  occluded  the  wound.  In 
the  slits  where  bitter-rot  spores  had  been  inserted  the  callous  forma- 
tion was  less  marked.  The  exposed  wood  turned  dark,  almost  black, 
and  the  exposed  edges  of  the  bark  turned  back.  The  living  bark 
then  began  to  dry  out  gradually  and  became  depressed  (PI.  IX,  fig.  3), 
and  after  about  two  months  a  decided  sharply  defined  depressed  area 
had  formed,  with  the  slit  in  the  center.  Shortly  thereafter  small 
black  pustules  broke  through  the  dried  bark  in  a  number  of  instances 
(PI.  IX,  figs.  2,  4,  5,  and  6).  By  that  time  the  infected  points  showed 
all  the  characteristics  of  small  cankers. 

On  examination  the  black  pustules  were  found  to  contain  masses 
of  spores  resembling  those  of  the  bitter-rot  fungus  {GlomerdJa,  ruf(h 
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ans).  At  this  time  there  were  no  other  spores  in  the  oanker, 
h  as  the  brown  Sphseropsitt  spores.  Inoculations  were  immedi- 
ly  made  with  the  spores  which  had  formed  in  the  pustules  of  the 

ers  produced  on  the  apple  limbs,  using  healthy  apples. 
Several  days  thereafter  these  apples  showed  all  signs  of  the  hitter 
t,  and  after  three  days  quantities  of  bitter-rot  con  id  ia  were  produced 
the  characteristic  manner  already  described.  These  results  proved 
t  the  fungus  growing  in  these  cankers  was  actually  GUnnereUa 
ifwtiac^ilans.^  Some  of  the  more  striking  cases  of  artificial  cankers 
reproduced  on  Plate  IX.  Figures  2,  3,  and  4  show  artificial  can- 
kers, with  control  cuts  above.  Figure  5  shows  one  of  the  cankers 
(fig.  4)  somewhat  enlarged,  with  numerous  black  pustules. 

These  results  showed  beyond  (juestion  that  the  bitter-rot  fungus 
^^lally  jrroduceH  the  cankers  on  apple  llmhs^  and  is  not  merely  present 
in  cankers  which  are  produced  by  some  other  fungus.  There  was  no 
question  as  to  the  purity  of  the  cultures  used  for  inoculating  the  apple 
limlMi,  and  as  there  was  no  growth  in  any  of  the  control  cuts  there  is 
BO  reason  for  doubting  that  the  fungus  inoculated  into  the  cuts  on 
tpple  limbs  grew  in  the  bark  and  formed  the  pustules  containing  sjwres, 
which  in  turn  produced  the  bitter  rot  in  apples. 

A  further  proof  that  the  fungus  produced  the  cankers  was  brought 
forward  by  the  discovery  (by  Spaulding,  December  24,  11K)2^)  of  pcri- 
thecia  and  asci,  with  ascospores  (PI.  V,  fig.  7)  of  GhnnerMa  rufoukaru- 
hm^  in  one  of  the  cankers  artificially  produced  on  apple  limbs  by 
inoculating  conidia  of  Glm/sportwn  fmctlgennm  Berk,  into  apple 
limbs.  Spaulding  found  that  many  of  the  spores  in  the  artificial  can- 
kers were  curved  very  much  like  the  ascospores  of  GUnnenlla  rnfo- 
Wioculuns  obtained  in  cultures  on  apple  agar.  The  conidia  and  asco- 
I  spores  of  this  fungus  look  very  much  alike — so  nmch  so  that  it  is  not 
«isy  to  separate  them  with  any  degree  of  accuracy.  The  only  differ- 
ence which  is  at  all  evident  is  that  the  conidia  are  usually  straight, 
while  the  ascospores  are  slightly  curved.  (PI.  V,  fig.  (>. )  Sections  of  the 
canker  made  by  Spaulding  showed  the  presence  of  perithecia  (PI.  V, 
figs.  5  and  7),  most  of  which  were  empty.  Several  were  found,  how- 
ever, with  asci  and  ascospores.  (PI.  V,  fig.  7.)  It  seems  that  the  asci 
iia  the  cankers  have  as  little  permanence  as  do  those  found  in  cultures. 
Clinton  refers  to  the  compiratively  evanescent  chanu'.tor  of  the  asci 
which  he  found  in  the  cultures,  and  we  can  testify  to  the  same  stiit(v 
nient.  So  far  as  could  be  determined,  the  perithecia  and  asci  in  the 
cankers  were  identical  with  those  of  GlmnereUa  rufomaculana  formed 
in  cultures.  Up  to  this  writing  no  perithecia  or  asci  have  been  reported 
irom  the  cankers  on  apple  limbs  in  the  orchard. 

<»A  preliminary  note  announeinjij  the  i)roof  of  a  causal  relation  Ijetwoen  the  bitter- 
lot fungus  (GUjeosporiujn/ructiymum  Berk.)  and  the  apple  cankers  was  published  in 
Science,  16:  699,  1902. 

l» See  Science,  17:  188,  19a3. 
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Summing  up  the  evidence  now  at  hand  as  to  the  causal  relationship 
between  the  bitter-rot  fungus  {GlomereUa  rufmifiacul'an^  and  the 
apple  cankers  found  in  certain  apple  orchards  in  Illinois  and  other 
States,  we  find  (1)  that  conidial  spores  of  this  fungus  which  will  pro- 
duce the  bitter  rot  in  apples  occur  with  great  regularity  in  the  cankers; 
(2)  that  such  conidial  spores  taken  either  directly  from  diseased  apples 
or  from  pure  cultures  made  from  cankers  or  diseased  apples,  when 
inoculated  into  the  living  bark  of  growing  apple-tree  branches,  will 
produce  apple  cankers  resembling  those  found  in  the  orchards;  (3)  that 
conidial  spores  and  asci  and  ascospores  are  contained  in  suc^h  artificially 
produced  cankers,  which,  when  inoculated  into  apples,  produce  the 
bitter  rot. 

Taken  together,  these  facts  seem  to  prove  beyond  question  that  the 
bitter-rot  fungus  can  grow  in  apple  branches,  that  by  so  doing  it 
forms  cankers,  and  that  after  a  time  spores  are  formed  in  such  cankers, 
which  produce  the  bitter  rot  in  apples. 

Although  this  fact  seems  established  at  present,  the  writers  are  by 
no  means  convinced  that  sufficient  proof  is  yet  at  hand  which  would 
warrant  the  statement  that  all  of  the  cankers  found  in  the  Illinois 
orchards  were  formed  by  the  bitter-rot  fungus.  The  resemblance 
between  the  canker  formed  by  the  black-rot  fungus  SpJueropifU  rnalo- 
rwn  Peck  on  apple  limbs  in  New  York  (Paddock,  1899  and  1900)  and 
the  cankers  formed  in  Illinois  suggested  at  first  that  the  latter  were 
formed  by  the  black-rot  fungus.  This  supposition  was  strengthened 
by  the  almost  constant  presence  of  spores  of  Sphwropi^U  maJorum 
Peck  in  the  Illinois  cankers.  The  black-rot  fungus  is  known  to  form 
cankers  on  apple  liml)s  with  great  readiness,  and  the  black  rot  is  a 
common  enemy  of  the  apple  in  Illinois  and  adjacent  States.  The 
writers  are  therefore  of  the  opinion  that  it  is  not  at  all  improl)able 
that  the  Illinois  cankers  are  formed  in  part  by  SphctrojfHiAs  maJ^yrum 
Peck.  The  bitter-rot  fungus  may  get  into  the  young  Sphieropsis 
cankers  and  both  fungi  may  grow  side  by  side.  Considei'able  addi- 
tional work  will  have  to  be  done  with  these  cankers  before  their  exact 
identity  will  have  been  established. 

SPREAD  OF  THE  BITTER  BOT. 

Nearly  all  those  who  have  studied  the  bitter  rot  agree  that  the  fungus 
is  very  erratics  in  its  time  of  appearance.  The  disease  may  be  prevalent 
year  after  year  in  a  particular  part  of  an  orchard  without  occurring  in 
other  places  in  the  same  orchard  or  in  other  orchards  in  the  immediate 
locality.  It  has  been  repeatedly  noted  that  the  rot  seemed  to  start 
in  one  tree  or  a  group  of  trees  close  together  and  that  it  spread  from 
the  center  to  adjoining  trees. 

Observation  showed  that  the  rot  wa.s  more  likel}'  to  appear  on  trees 
which  had  once  had  the  disease  than  on  trees  previously  free  from  it 
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e  apple  grower  carefully  marked  the  trees  which  were  affected  with 
itter  rot  in  1900.     When  the  rot  first  appeared  in  hison^hard  in  11K)2 

ere  wa»  hardly  any  rot  in  1901)  he  went  over  the  orchard  and  found 
fthat  every  tree  marked  in  1900  had  bitter  rot,  and  not  only  that,  but 
ithat  the  rot  was  at  first  confined  to  these  trees. 

y  Another  observation  frequently  recorded  is  that  the  disease  often 
;  starts  on  a  few  trees  and,  starting  from  this  center,  it  gi*adually 
[spread^s  year  after  year  and  finally  affects  the  entire  orchard.  Mr.  J.  W. 
^.Beach,  of  I^tavia,  Ark.,  stated  a  typical  cjise: 

\  1  came  to  this  country  in  1884,  and  that  season  then?  were  four  trees  in  my  old 
orchard  affected.  *  *  *  For  the  last  three  yearn  the  dineast*  has  Kteailily  increased, 
so  that  this  year  (1887)  my  old  orchard  of  seventy -live  trees  will  not  yield  25  bushels 
ef  saound  apples. 

Thii?  apparently  erratic  behavior  of  the  bitter  rot  can  be  explained 
in  part  .sinc«  the  discovery  of  the  canker  stage  of  the  fungus.  After 
its  introduction  into  an  orchard  or  on  one  tree  the  funofus  attacks  one 
or  more  branches,  probably  early  in  the  summer,  and  produces  a 
canker.  The  next  year  the  spores  from  this  canker  will  be  washed 
down  on  the  ripening  fruit  by  a  rain.  The  water  is  sprayed  from 
the  branch  on  which  the  canker  is  situated  to  the  lower  branches  in 
the  form  of  a  cone,  and  one  or  more  spores  will  probably  fall  on  every 
apple  -within  such  a  cone. 

The  presence  of  the  winter  stage  of  the  fungus  will  explain  why 
the  rot  is  apt  to  recur  on  the  trees  affected  the  year  before  with  the 
bitter  rot,  and  also  why  the  disease  should  first  appear  on  such  trees. 
i   The  cankers  produce  spores  early  in  the  season,  and  from  the  trees 
which  have  cankei's  the  disease  spreads  to  neighboring  trees. 

The  bitter  rot  is  apt  to  appear  in  virulent  form  only  once  in  two  or 
three  3"ears.  During  the  intervening  periods  there  may  be  little  or  no 
rot  in  any  one  region.  This  mav  possihly  be  caused  })y  weather  con- 
ditions generally  unfavorable  to  the  fungus,  as  was  the  case  in  the 
summer  of  1901,  but  it  may  also  ))e  due  to  conditions  unfavorable  to 
the  growth  of  the  fungus  in  the  cankers. 

The  exact  conditions  which  favor  the  development  of  the  bitter-rot 
fungus  on  the  branches  are  not  known  as  yet,  but  it  is  conceivable  that 
these  might  be  such  as  would  retard  its  growth  in  the  canker  to  such 
an  extent  that  few  or  no  spores  would  be  found  during  one  year. 

That  the  spores  of  the  bitter-rot  fungus  arc  spread  to  the  fruit  from 
the  cankers  in  the  tree  now  seems  proved  beyond  doubt.  The  dissemi- 
nation of  spores  from  the  cankers  probably  begins  early  in  summer 
and  continues  until  the  apples  are  fully  grown. 

Another  source  of  infection  is  found  in  the  dried  mummies  hanging 
on  the  trees  and  lying  on  the  ground  under  the  trees.  The  diseased 
apples  of  one  season  either  fall  to  the  ground  (which  most  of  them  do) 
or  they  remain  on  the  trees,  where  they  dry  and  shrivel  up.     When 
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examined  in  the  spring  many  of  these  mummified  fruits  are  found  to 
contain  spores  of  the  bitter- rot  fungus  m  quantity.  Inoculations  made 
by  us  with  such  spores  have  shown  them  to  be  fully  capable  of  remain- 
ing alive  over  winter  and  of  producing  the  disease  in  July  and  August 
of  the  following  year. 

It  was  formerly  supposed  that  the  fungus  passed  the  winter  in  the 
mummies,  but  as  most  of  these  were  on  the  ground  it  was  difficult  to 
understand  how  the  apples  high  up  in  the  trees  became  infected.  It 
now  seems  probable  that  the  mummies  play  a  comparatively  small 
part  in  serving  as  distributing  points  for  spores  from  year  to  year. 

After  the  fungus  becomes  started  on  a  number  of  fruits  it  spreads 
to  neighboring  apples  and  trees  with  great  mpidity.  The  sticky 
nature  of  the  spore  masses  precludes  any  theory  of  wind  distribution. 
The  spores  are  never  dustlike,  so  that  they  could  be  blown  about,  but 
are  generally  stuck  together,  forming  a  sticky,  paste-like  mass.  Rain 
and  dew  play  an  important  part  in  distributing  the  spores. 

Numerous  small  insects  which  frequent  apple  trees  in  the  late  sum- 
mer, such  as  members  of  the  genus  Drosophila,  probably  carr}'  the 
bitter-rot  spores  from  one  tree  to  another.  Clinton  (1902)  proved 
that  this  was  actually  the  case  by  placing  some  of  these  flies  on  sound 
apples  and  thereby  producing  the  disease. 

KEMEDIAIi  MEASTJB£S. 

Although  the  bitter  rot  has  been  so  destructive  to  apple  crops  for  thirty 
years  or  more,  little  if  any  headway  had  been  made  until  roccntk 
toward  combating  it  successfully.  The  disease  may  still  be  regarded 
as  one  of  the  most  difficult  ones  to  control,  although  it  now  seems 
probable  that  greater  success  ought  to  attend  preventive  measures. 
These  may  now  bo  placed  under  these  heads: 

1.  Removal  of  diseased  fruits  and  nmmmies. 

2.  Removal  of  limb  cankers. 

3.  Spra34ng  with  fungicides. 

REMOVAL   OF    DISEASED    FRUITS   AND   MUMMIES. 

Apples  affected  with  bitter  rot  generally  fall  from  the  trees  during 
the  later  stages  of  the  disease.  In  many  cases  the  spores  in  these  ix)tted 
apples  will  live  through  the  winter,  and  may  be  carried  to  sound 
fruits  the  following  season.  Such  apples  as  do  not  fall  dry  up  and 
hang  on  the  trees  all  winter  in  a  mummified  condition.  The  next 
year  the  spores  formed  in  these  mummies  may  infect  sound  fruits. 
All  diseased  fruits  on  the  ground  should  be  carefully' collected  as  soon 
as  they  fall;  they  should  be  removed  from  the  orchard  and  destroyed 
either  by  drying  and  subsequent  burning  or  by  burying  them  in  a 
deep  trench,  which  is  carefully  covered  with  soil  afterwards.     Under 
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no  circumstances  should  tbe  rotted  fruits  be  allowed  to  remain  lyiog 
on  ttie  ground  under  the  trees  through  the  wintei. 

Dried  apples  on  the  trees  should  be  picked  and  burned  an  noon  after 
the  fall  of  the  leaves  as  possible. 

Where  the  bitter  rot  appears  in  an  orchard 
at  isolated  points  it  will  oftentimes  pay  to 
watch  the  trees  where  the  trouble  first  shows 
itself  and  to  pick  every  fruit  showing  the 
slightest  sign  of  disease.  In  that  way  the 
chance  of  having  the  disease  spi'ead  to  adjoin- 
ing trees  will  be  taaterially  lessened. 

REMOVAL  OF   UHn   CANKRBS. 

It  seems  well  established  now  that  one  of 
the  principal  sources  of  infection  of  the  ripen- 
ing  apples  is  to  be  found  in  the  cankers  on 
apple  limbs.  These  cankers  should  accord- 
ingly be  removed  and  burned  wherever  they 
are  found,  no  matter  where  the  affected  limb  ^"'  '' """"  ,!;!^™'  ""  '  '*'*' 
may  be.     It  is  often  a  difficult  matter  to  find 

these  cankers  on  large  trees,  and  a  good  deal  of  patience  is  necessary 
to  locate  them.  In  cutting  out  the  cankers  the  whole  limb  should  be 
sawed  off  some  distance  below  the  cankers.  Where  the  branch  is  a 
lat^e  one  the  diseased  portion  may  be  out  out  without  cutting  off  the 
entire  limb.  The  be.st  time  for  cutting  out 
the  cankers  is  during  the  late  fall  and  dur- 
ing the  winter.  The  canker.s  can  be  located 
most  readily  when  there  are  no  leaves  on 
the  trees.  In  cutting  off  lim)>s  which  have 
cankers  on  them,  the  same  rules  which  hold 
for  pruning  branches  should  be  observed. 
Small  branches  may  be  cut  off  with  a  saw 
at  one  cut.  Two  cuts  should  be  made  for 
larger  branches,  the  first  one  on  the  under 
side,  the  second  on  the  upper  side,  so  as  to 
prevent  tearing  off  large  areas  of  bark. 
(See  figs.  7  and  8.) 

All  cut  surfaces  should  be  carefully 
trimmed,  and  after  that  they  should  be 
coated  with  some  antiseptic  substance,  such 
as  white  lead  paint  or  ordinary  coal  tar.  The  coal  tar  should  be 
applied  with  a  brush,  and  if  too  thick,  it  may  be  warmed.  It  is 
believed  that  by  carefully  removing  and  destroj'ing  all  canker.^  the 
damage  from  bitter-rot  infection  will  be  very  materially  lessened. 
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SPRAYING   WITH    FUNGICIDES. 

Prior  tx>  1887,  at  a  time  when  the  bitter  rot  had  already  a  wide  dis 
tribution,  no  attempts  seem  to  have  boen  made  to  control  the  di; 
Galloway  said  (1887):  *'  With  our  present  limited  knowledge  of  it« 
its,  it  is  impossible  to  suggest  means  for  combating  it."  Two  yea.r 
later  the  same  writer  suggested  spraying  the  fruit  trees  with  sulphuric* 
of  potassium  when  the  apples  were  about  half  grown,  and  repea-tiM^ 
the  operation  every  two  or  three  weeks  throughout  the  summer.  ii 
a  brief  note  during  the  same  year  (1889)  Galloway  referred  to  ^^omc 
experiments  made  by  Beach  in  1888  with  sulphuret  of  potassium,  in 
which  he  stated  that  ''Mr.  Beach  has  full  confidence  in  the  remedy.  ^ 
Galloway  (1889)  reported  some  tests  made  with  potassium  sulphide  and 
ammoniacal  copper  carl)onate  by  Curtiss.  A  good  many  apples  woi*o 
saved  by  the  spraying,  little  difference  being  noted  in  the  resultft* 
accomplished  by  the  use  of  the  two  solutions  mentioned. 

Chester  (1890)  spmj^ed  with  potassium  sulphide,  liver  of  sulphur, 
and  ammonium  copper  carbonate  without  decided  success. 

Garman  (1894)  published  an  account  of  a  series  of  experiments  to 
control  diseases  of  apples  with  Bordeaux  mixture.  In  his  general  sutn- 
mar}'  he  states: 

The  proportion  of  rotting  to  nonrotting  apples  waa  in  every  caae  lessened  by  spray- 
ing, and  we  are  in  a  position  to  say,  as  a  result  of  these  experiments,  that  sprayings 
with  Bordeaux  mixture  will  save  from  rotting  from  7i  per  cent  to  3H  per  cent  of  the 
whole  number  of  apples.  *  *  *  The  spraying  increased  the  yield  of  usable  apples 
from  a  little  less  than  twofold  to  nearly  sevenfold. 

From  the  beginning  of  the  nineties  to  the  present  time  a  number  of 
experiments  in  spraying  have  been  made  b}-  several  persons,  notabW 
Alwood  (1892,  1894),  Stinson  (1892,  1894,  1896,  1901,  and  1902), 
Whitten(1895),  Clinton  (1902),  Staubenrauch  (1902),  Burrill  and  Blair 
(1902,  a  and  b). 

Without  going  into  details,  it  may  be  said  that  the  results  reached 
were  favorable  in  some  cases,  but  not  so  successful  in  others. 
Alwood  (1894)  states: 

Our  results  with  Bordeaux  mixture  and  ammonia  copper  carbonate,  a«  recx)m- 
mended  in  bulletins  mentioned  al)ove,  are  very  satisfactory. 

Whitten  (1895)  says: 

Bitter  rot  l)egan  first  on  un8praye<l  trees  and  developed  more  extensively  tlian  on 
sprayed  trees.  Bitter  rot  waa  less  on  trees  sprayed  with  the  6-pound  solution  (of 
Bordeaux  mixture)  than  on  those  sprayed  with  the  weaker  solutions. 

Stinson  (1896)  says: 

There  was  much  less  bitter  rot  on  the  sprayed  fruit  than  on  the  unsprayed.  From 
the  results  obtained  it  was  concluded  that  the  injury  can  be  partly  prevented  with 
three  sprayings  with  Bordeaux  mixture. 

From  a  careful  study  of  the  results  obtained  up  to  1900,  it  was 
evident  that,  although  it  had  been  shown  that  the  disease  could  1)6 
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ked  by  spraying,  there  was  much  conflicting  evidence  at  hand  and 

t  many  unanswered  questions.     Most  of  the  experiments  made 

TV  conducted  for  one  year  only.     Many  involved  only  a  few  trees, 

many  others  were  conducted  under  unfavorable  conditions. 
The  bitter  rot  is  a  disease  which  has  always  appeared  with  varying 
lence  from  year  to  j^ear,  sometimes  destroying  whole  crops,  then 
in  attac^kiiig  only  a  few  apples.     It  has  likewise  made  its  appearance 
adjoining  orchards  atdiflferent  times  in  the  same  year.     It  is  therefore 
a*<t  impossible  to  draw  any  definite  conclusions  from  experiments 
tending   over  one  year  only.     Spraying  in  early  summer  may  in 
e  years  check  the  disease  should  it  appear  only  a  few  weeks  after 
spraying,  while  spraying  at  exactly  the  same  time  the  next  year, 
hen  the  disease  appears  late  in  September,  may  have  absolutely  no 
ect-      In  order  to  be  of  value  for  a  disease  dependent  upon  so  many 
rying  factoids  as  is  bitter  rot  all  spraying  experiments  must  be  con- 
ducted under  exactly  the  same  conditions  in  the  same  localities  for  a 
series  of  years  without  inteniiptions.     Isolated  tests  may  be  and  doubt- 
less are  of  value  in  indicating  what  may  be  expected,  but  they  are  at 
be:<t  simply  single  instances,  the  results  of  which  can  by  no  means  be 
taken  as  conclusive.     Realizing  that  such  was  the  case,  a  comprehen- 
sive plan  for  conducting  spraying  operations  was  drawn  up  by  Mr. 
Waite  of  the  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agri- 
culture, in  the  winter  of  1900-1901,  and  this  plan  was  carried  out  for 
two  years  in  Virginia,  Illinois,  and  Missouri,  one  year  in  cooperation 
with  the  Illinois  Agricultural  Experiment  Station.'*    This  plan  was 
stated  as  follows:  The  object  of  this  experiment  is  to  answer  the  fol- 
lowing questions:  (1)  Can  Bordeaux  mixture  by  proper  spraying  be 
made  to  protect  apples  from  bitter  rot?     (2)  Ls  winter  treatment  of 
the   dormant  trees   of  any  assistance   in  the  process?     (3)  Is  early 
spraying  more  advantageous  than  late  spraying  in  the  treatment  of 
this  disease?     (4)  Are  any  other  fungicides   superior   to  Bordeaux 
mixture  in  the  treatment  of  this  special  malady?    To  answer  these 
questions  the  following  plan  was  followed.     The  parts  of  the  orchards 
experimented  in  were  laid  off  in  five  plats,  which  were  sprayed  as 
follows: 

Plat  1.  Winter  spraying  only, — Spi*ay  plat  and  duplicate  with  Bor- 
deaux mixture  l)efore  the  buds  swell,  applying  the  spray  until  the 
trunk  and  buds  are  blue.     In  duplicates,  with  controls. 

Plat  2,  Cmnhined  winter  and  spring  spraying, — First  treatment, 
winter  spraying  before  buds  push;  second  treatment,  when  cluster 
buds  are  open  and  flower  buds  exposed;  third  treatment,  when  the 
last  of  the  petals  are  falling;  fourth  treatment,  seven  to  ten  days  later. 
In  duplicate,  with  controls. 


« This  plan  was  described  in  Circular  No.  43  of  the  Illinois  Agricultural  Experi- 
ment Station. 
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Flat  S,  Early  spray  vng  ^toithout  the  iiriTiter  treatmetiL  — Same  as  above, 
with  first  treatment  left  off;  that  is,  second,  third,  fourth,  and  fifth 
sprayings. 

Flat  4-  Early  spraying  continued  until  aurmner. — Second,  third, 
fourth,  and  fifth  sprayings,  with  four  or  five  more  treatments  at  inter- 
vals of  two  weeks  until  about  the  middle  of  August. 

Flat  5.  Late  spraying. — Begin  when  the  fruit  is  about  an  inch  in 
diameter  and  spray  four  or  five  times.  These  sprayings  may  be  on 
the  same  dates  as  the  last  four  or  five  treatments  of  plat  4. 

Before  giving  the  results  obtained  from  the  spraying  in  Missouri 
and  Illinois,  it  may  be  well  to  state  that  the  bitter  rot  appeared  in  a 
comparatively  light  form  during  both  years  in  which  the  experiments 
were  made.  The  experiments  illustrate  once  more  the  necessity  of 
carrying  on  tests  of  this  character  for  a  long  period  of  years  under 
the  same  or  similar  conditions  as  previously  stated.  In  view  of  the 
fact  that  the  attack  of  the  disease  for  the  past  two  years  was  a  light 
one  in  some  of  the  orchards  experimented  in,  the  conclusions  reached 
must  be  considered  as  preliminary  ones  which  simply  go  to  swell  the 
number  of  isolated  results  of  spraying  operations  already  referred  to. 

Replying  to  the  questions  which  are  enumerated  above,  the  follow- 
ing general  answers  may  be  given  at  this  time: 

(1)  Can  Bordeaux  mixture^  hy  proper  spraying^  he  made  to  prated 
apples  from  hitter  rotf — ^To  a  certain  extent,  varying  from  10  to  75 
per  cent,  Bordeaux  mixture  surely  does  prevent  the  ravages  6f  the 
bitter  rot.  The  extent  to  which  it  will  do  so  will  depend  lai^ely  on 
the  following  factors: 

{a)  MaMng  the  Bordeaux  mixture. — Although  the  literature  dealing 
with  the  making  of  this  fungicide  is  voluminous,  there  is  still  much  of 
it  made  in  an  improper  manner.  The  standard  Bordeaux  mixture, 
i.  e.,  6  pounds  of  copper  sulphate,  4  pounds  of  lime,  and  50  gallons  of 
water,  is  still  preferable.  The  copper  sulphate  should  be  dissolved  in 
one  vat;  the  lime  in  another.  Only  freshlv  slaked  lime  should  be 
used,  and  the  slaking  should  be  brought  about  with  small  quantities 
of  water  added  from  time  to  time,  so  as  to  get  an  ev^en  slaking.  The 
solutions  of  copper  sulphate  and  of  lime  should  be  diluted  separately 
and  then  both  should  be  run  simultaneously  into  a  third  tank.  A 
very  convenient  arrangement  which  can  be  constructed  anywhere  is 
shown  in  figure  9.  The  two  smaller  tanks  are  elevated  on  a  rough 
platform,  high  enough  above  the  third  tank  to  allow  the  solution  to 
be  turned  readily  into  the  latter.  This  third  tank  in  turn  is  elevated 
suflSciently  to  allow  the  finished  Bordeaux  mixture  to  run  into  the 
tanks  on  the  spraying  wagon  without  pumping.  Such  an  arrange- 
ment can  be  built  at  the  edge  of  the  pond  or  well,  from  which  the 
water  for  the  spraying  mixture  is  obtained.  A  force  pump  drives  the 
necessary  water  into  the  upj)er  smaller  tanks.     Great  care  should  be 
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iken  ill  weighing  the  proper  amount  of  chemicals.     The  ruatom  of 
inesHing  at   the  amouDto  invariably  rei^ulta  in  a  poor  mixture.     Stock 

FlutioDs  of  tlie  copper  sulphate,  1  or  ^  pouud.s  to  the  gallon,  can  be 
tde  and  kept  without  deterioration,  evaporation  being  considered. 
{h)  On  the  thfroiujhn&oi  irith  which  nj/raying  «*  Ann^,.  —Only  nozzles 
(Which  throw  n  tine  spray  should  he  used.  The  Vermorel  i«  the  stand 
Pmrd  nozzle  fur  good  work.  In  ^^praying,  the  old  precept  that  all  parts 
fat  a  ti-ee  should  l>e  reached  by  the  spray  holds  good.  With  a  fungus 
[like  that  of  the  bitter  rot,  where  a  large  number  of  spores  may  reach 
I  fruit,  thorough  spraying  alone  will  be  effective.  The  apparent 
Ifailure  to  control  the  bitter  rot  in  many  instances  is  doubtless  due  to 
J  fact  that  even  with  the  best  spraying  it  is  impossible  to  cover  the 


entire  fruit  with  the  fungicide.  Numerous  fruits  were  found  on 
sprayed  trees  where  the  fungus  had  started  to  grow  between  points 
on  the  fruit  covered  with  the  fungicide.  It  l-s  very  desirable  that 
further  information  concerning  the  number  of  spi-ayed  fruits  actually 
rotted  be  obtained. 

(■2)  fa  winter  trentiiu-nt  "f  the  dnrmant  trei-x  of  iiiiy  aKnixtmtce  in  the 
procenn? — The  spraying  of  tiees  before  the  buds  opened  showed  no 
apparent  benefit.  This,  however,  ought  not  to  be  taken  as  conclusive, 
especially  in  view  of  the  recent  discovery  of  a  stage  in  the  life  history 
of  the  bitter-rot  fungus  in  the  wood  and  bark  of  the  apple  tree.  In 
the  absence  of  any  data  as  to  the  exact  time  when  this  bark  stage — the 
canker — is  reached,  it  may  be  that  winter  spraying  will  to  some  extent 
check  the  development  of  possible  cankers. 
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(3)  h  early  spraying  more  advantageous  thxin  l<ite  spraying  «*. 
treaimtriit  of  this  disease? — No  evidence  was  obtained  from  the  ejq 
inients  calculated  to  prove  that  early  spraying  is  more  advantage 
than  late  spi-aying.  The  later  sprayings — that  is,  those  made  after 
apples  were  half  formed — in  our  estimation  were  the  most  effects 
The  early  spraying  resulted  in  a  severe  rusting  of  the  fruit  durmg- 
year.  The  tissues  of  the  young  fruits  developed  very  slowlj"  uf> 
the  spots  where  the  fungicide  covered  the  epidermis,  and  rusted  t 
misshapen  fruits  resulted  in  man}'  cases.  Thick-skinned  varieties  I 
the  Ben  Davis  showed  this  rusting  to  a  marked  extent.  The  exi 
explanation  for  this  rusting  as  a  result  of  spraying  with  Bordea 
mixture  is  still  to  be  determined. 

(4)  Are  any  othei*  fungicidals  superior  to  Bordeaux  mixture  in  t 
treatment  of  this  special  malady? — ^The  Bordeaux  mixture  is,  a«  far 
our  tests  go,  certainly  superior  to  any  of  the  other  fungicides  xi.se 
i.  e.,  ammonium  copper  carbonate  and  potassium  sulphide. 

Summing  up  the  evidence  from  our  own  spraying  operation^^  ; 
well  as  those  of  others,  the  following  recommendations  can  be  uia4 
at  this  time: 

(1)  For  spraying  to  prevent  bitter  rot  use  the  standard  Bordeau 
mixture,  i.  e.,  6  pounds  of  copper  sulphate,  4  pounds  of  lime,  and  a 
gallons  of  water. 

(2)  Spray  at  least  once  before  the  buds  open.  This  spraying  of  th 
trunks  and  branches  should  be  thorough,  so  as  to  reach  any  possibi 
spores  about  to  form  cankers  or  coming  from  cankers. 

(3)  Spray  during  the  middle  of  the  summer,  beginning  about  the  mid 
die  of  June,  and  continue  several  times  until  the  fruit  is  almost  ripe 
Should  the  attack  come  very  late  in  the  suimiier,  use  the  ammoniua 
copper  carbonate,  so  as  to  avoid  damaging  the  fruit  for  the  market 
because  of  a  possible  lime  deposit  from  the  Bordeaux  mixture. 

In  addition  to  these  sprayings  aimed  especially  at  bitter  rot,  it  is 
necessary  to  spray  with  Bordeaux  mixture  to  which  Paris  green  or 
some  arsenical  poison  has  been  added  just  after  the  petals  have  fallen 
and  again  ten  days  to  two  weeks  later.  This  is  directed  against  apple 
scab,  codling  moth,  and  leaf-eating  insects,  as  well  as  bitter  rot  and 
leaf  blight. 

SUMMAB7  AND  KECOMMENDATIONS. 

The  facts  presented  in  the  foregoing  pages  may  briefly  be  summarized 
as  follows: 

(1)  The  bitter  rot  or  ripe  rot  is  one  of  the  most  serious  diseases  of 
apples.  The  loss  due  to  this  disease  in  1900  was  estimated  (for  the 
United  States)  as  $10,000,000.  It  is  one  of  the  most  diflScult  diseases 
to  control  and  is  constantl}^  on  the  increase. 

(2)  The  bitter  rot  is  due  to  a  fungus,  Olomerella  rufoma4yul<m»^x\i.) 
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Idin^  <&  von  Schrenk,  hitherto  generally  known  as  Glmmiwrium 

igen^ini  Berk. 
►)  This   fungus  until  1902  was  known  only  in  its  conidial  stage  on 
?«oiis  fruits  and  grapes.     The  |3erfect  or  aseus  stage  has  since 

discovered  both  in  cultures  on  fruits  and  in  artificial  cankers  on 
apple  limbs. 

r)  The  fungus  attacks  ripening  apples  during  July  and  August, 

is  most  virulent  during  moist,  hot  summers.     It  is  most  active  on 

les  in  the  belt  of  States  on  the  line  of  the  Ohio  River,  from  Virginia 

the  A^tlantic  Ocean  to  Oklahoma  in  the  West,  and  southward.     (See 

,1.) 

(5)  During  the  past  summer  canker-like  areas  were  discovered  on 
►le  limbs  from  which  the  disease  seemed  to  spread.     These  cankers 

merally  occurred  in  the  upper  parts  of  trees  and  contained  spores  of 
V>itter-rot  fungus,  as  proved  by  direct  inoculations  into  apples. 

(6)  Xnoculations  into  healthy  apple  limbs  of  bitter-rot  spores  from 
cultures  of  the  bitter-rot  fungus  (made  both  from  diseased  apples 

id  cankers)  resulted  in  the  formation  of  cankers  similar  to  those 
found  in  the  orchards.  Spores  from  these  cankers  produced  the  bitter 
^t  in  sound  fruits.  This  proves  beyond  doubt  that  the  bitter-rot 
fungus  is  the  cause  of  the  cankers  on  apple  limbs  in  the  orchard. 

(7)  The  spores  of  the  bitter-rot  fungus  are  washed  from  the  cankers 
onto  the  apples  below  the  cankers.  Spores  are  carried  from  tree  to 
tree  by  insects,  and  possibly  by  raindrops. 

(8)  One  of  the  best  methods  for  combating  this  disease  will  consist 
in  carefully  cutting  out  all  cankers  during  the  winter.  These  should 
be  burned  at  once.  All  diseased  apples  on  the  ground  or  in  the  tree 
should  be  collected  and  destroyed.  As  a  further  precaution,  trees 
should  \ye  sprayed  with  standard  Bordeaux  mixture  at  least  once  before 
the  buds  open,  and  again  f requentl}*^  from  midsummer  until  the  fruits 
are  almost  ri{>e. 
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Plate  I.  Frontispiece.  Apples  affected  with  bitter  rot  resulting  from  inoculation 
from  a  canker.  Two  rings  of  spore  pustules  have  already  formed  in  the  apple 
shown  at  the  top  of  the  plate. 

Platk  II.  Typical  examples  of  apples  affected  with  bitter  rot.  These  fruits  were 
iiioculate<i  with  spores  from  a  diseased  apple. 

Platk  III.  A  view  in  a  Missouri  apple  orchard  during  a  severe  epidemic  of  bitter  rot. 
Almost  the  entire  crop  of  apples  is  diseased  and  has  fallen  from  the  trees  within 
a  few  days. 

Flate  IV.  Figs.  1,  3,  and  7. — Apples  attacked  by  the  bitter-rot  fungus  at  various 
$>tages  of  the  disease.  Fig.  7  shows  an  apple  with  a  rotten  spot  only  2  or  3 
days  old ;  fig.  3,  probably  four  or  five  days  after  the  attack ;  and  fig.  1 ,  a  little  later. 
Tbev  all  show  how  the  diseased  area  becomes  sunken,  and  later  on  wrinkled. 
They  also  show  the  rings  of  spore  ma.sses.  Fig.  2. — An  apple  affected  with 
hitter  rot.  The  small  dark  spots  f^how  the  appearance  of  early  stages  of  this 
iliseflse.  Fig.  4. — A  mummified  apple  which  was  attacked  by  the  bitter-rot 
fungus  in  summer,  and  remained  on  the  tree  the  following  winter.  It  is  dried 
up  and  shriveled.  The  spore  masses  dried,  but  are  still  present  in  quantities 
in  the  mummy,  as  shown  in  the  figure.  This  illustrates  the  necessity  for 
removing  the  mummies.  Fig.  5. — Two  pears,  of  which  the  one  on  the  left  was 
inoculated  at  one  point  with  bitter-rot  spores  and  the  other  pear  not  inoculated. 
After  several  weeks  the  inoculated  fruit  (which  remained  on  the  tree)  showed 
a  typical  bitter-rot  spot,  with  well-develoi)ed  spores  of  the  l)itter-rot  fungus. 
Fig.  6. — A  small  piece  of  a  winter  squash  inoculated  with  8jx)res  of  the  bitter- 
rot  fungus.  The  fungus  grew  readily  on  the  squash,  and  after  a  brief  i)eriod 
numerous  pustules  with  spores  formed,  as  shown  in  the  figure. 

Plate  V.  Fig.  1. — A  mass  of  spores  of  the  bitter-rot  fungus  growing  in  a  pure  cul- 
ture. These  spores  form  in  countless  thousands  in  such  a  culture  for  a  period 
cf  8  to  14  days.  Fig.  2. — Various  stages  of  germinating  bitter-rot  spores.  Some 
have  but  one  germ  tube,  others  have  two.  On  some  of  the  threads  dark  second- 
ary spores  fonii.  Fig.  3. — Starch  grains  in  various  stages  of  solution  by  the  fer- 
ment given  off  by  the  fungus.  The  fungus  threads  growing  in  the  cells  of  the 
apple  digest  the  starch  grains.  Fig.  4. — Peculiar  spore-like  lx)dies  formed  by 
germinating  spores  of  a  cactus  fungus  {Ghro^orlnm  Cficionim),  which  resemble 
the  black  bodies  shown  in  fig.  2.  Figs.  5  and  7. — The  perfect  or  perithecial 
stage  of  the  bitter-rot  fungus  as  found  during  the  winter  of  1902-3  in  the  apple 
cankers.  Fig.  5  shows  two  empty  perithecia  from  an  apple  canker;  fig.  7  a 
single  perithecium  much  enlarged  with  some  of  the  asci  in  place.  Fig.  6. — A 
g^up  of  three  mature  asci  with  ascospores  of  the  l)itter-rot  fungus  and  one  imma- 
ture ascus.  These  asci  were  developed  in  a  pure  culture  of  the  bitter-rot  fungus. 
The  aacospores  so  much  resemble  the  ordinary  spores  that  it  is  diflQcult  to  dis- 
tinguish them. 
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Plate  VI.  Fig.  1. — A  pure  culture  on  apple  agar,  showing  the  luxuriant  develt^ 
ment  of  the  bitter-rot  fungus,  with  large  numbers  of  spores.  After  a  time  thia 
spore  pro<luction  stops  and  peculiar  hard  black  masses  develop.  These  xuasses 
are  shown  in  Fig.  1.  From  a  number  of  them  large  droi)s  of  a  yellowish  liquid 
are  exuding.  Each  black  mass  contains  one  or  more  perithecia  of  the  bitter-rot 
fungus,  with  asci,  such  as  are  shown  on  Plate  V,  fig.  6.  Fig.  2. — Enlarged  gnjup 
of  pustules  on  a  diseaaet^l  apple.  On  quiet,  moist  nights  the  spore  mass?es  of  the 
bitter-rot  fungus  exude  from  the  mouths  of  the  pustules  on  the  apple  fruit  in 
long  filmy  threads.  Some  of  these  threads,  composed  wholly  of  spores?,  are 
shown  exuding  from  some  of  the  pustules.  Figs.  3  and  4. — Apple  disease*.!  with 
bitter  rot  and  control  fruit.  These  figures  show  the  result  of  an  experiment  to 
<letermine  whether  the  spores  found  in  the  apple  cankers  would  produce  the 
bitter  rot  in  apples.  A  pure  culture  was  made  with  spores  taken  from  an  apple 
canker.  Spores  from  this  pure  culture  were  inoculated  into  an  apple  (tig.  3), 
while  another  apple  was  punchetl  full  of  holes  with  a  sterilized  nee<ile.  As 
shown  in  the  figures,  the  inoculated  fruit  (fig.  3)  developed  a  typical  case  of  the 
bitter  rot,  while  the  control  fruit  (fig.  4)  was  still  sound.  This  is  one  of 
numerous  proofs  that  spores  from  the  apple  cankers  produce  the  disease. 

Plate  VII.  Three  typical  cankers  such  as  are  now  lx»lieve<.l  to  be  fonned  on  apple 
limbs  during  one  stage  in  the  life  cycle  of  the  bitter-rot  fungus.  Spores  from 
these  cankers  produce  the  bitter  rot  of  apples.  Such  cankers  shouM  be  cut  out 
and  burned  wherever  found. 

Platk  VIII.  Cankers  on  living  apple  limbs.  Fig.  1. — A  number  of  cross  sections  of 
apple  cankers,  illustrating  the  manner  in  which  the  wood  turns  brown  immedi- 
ately under  the  dead  bark.  It  also  shows  the  healing  callus  forming  at  ihe  edge 
of  the  dead  areas.  The  largest  section  shows  two  such  healing  layers,  proving 
that  this  canker  is  at  least  two  years  old.  Figs.  2  and  4. — Apple  branches,  fig.  4 
showing  i)robably  early  stages  of  canker.  Fig.  3. — A  branch  swollen  at  the 
l)oiiit  where  an  apple  was  borne  the  previous  year.  Many  such  were  found  to 
contain  bitter-rot  spores.  It  is  possible  that  the  fruit  spurs  became  infected 
from  diseased  fruits  through  the  stems  of  the  applet. 

Plate  IX.  Young  apple  cankers  produced  by  inoculating  spores  from  pure  cultures 
of  the  bitter-rot  fungus  into  bark  slits  on  healthy  apple  trees.  In  all  cases  here 
shown  small  cankers  were  formed,  pustules  with  spores  developed,  an<l  the 
spores,  when  inoculated  into  apples,  produced  the  bitter  rot  of  the  fruit.  Thi? 
formed  the  last  link  in  the  chain  of  evidence  necessarv  to  show  the  connection 

» 

between  the  bitter-rot  fungus  and  the  apple  canker. 
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PREFACE. 


The  paper  presented  herewith  is  essentially  a  revision  of  Bulletin 
No.  18  of  the  Division  of  Vegetable  Physiology'  and  Pathology  of  the 
U.  S.  Department  of  Agriculture,  published  in  1899.  The  edition  of 
this  bulletin  has  been  for  a  long  time  exhausted.  In  the  preparation 
of  thi.s  new  edition  considerable  new  material  has  bo(»n  added  and 
modifications  have  l)een  made  by  Dr.  Loew,  who  is  now  professor  of 
agricultural  chemistry  in  the  Imperial  University  of  Japan.     It  has 

been  thought  best,  in  view  of  the  changes,  to  publish  this  as  a  bul- 
letin of  the  new  series. 

A  correct  understanding  of  the  physiological  role  of  mineral  nutri- 
ents lies  at  the  foundation  of  all  work  in  plant  nutrition.  The 
relation  of  nutrition  to  the  health  of  plants  and  the  (quality  of  their 
products  is  receiving  more  attention  than  formerly,  and  is  a  matter  of 
great  pi'actical  and  scientific  importance.  The  purpos<^  of  this  paper 
is  to  present  a  resumd  of  what  has  been  accomplished  uj)  to  the  pres- 
ent time  by  the  numerous  investigators  who  have  given  the  sul)ject 
attention.  The  matter  has  been  prepared,  as  in  the  former  work,  pri- 
marily for  teachers  and  experiment-station  workers,  and  it  is  therefore 
treated  from  a  technical  rather  than  from  a  practical  standjx)int. 

Albeut  F.  Woods, 
Pathohnjlfit  a  ml  PhyxhthKi'tHl, 

Offic^e  or  THE  Pathologist  and  Physiolo(4ist, 

WaHhimjton,  J).  (\,  May9A,  IDOS. 
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THE  PHYSIOLOGICAL  ROLE  OF  MINERAL 

NUTRIENTS  IN  PLANTS. 


GEITEKAL.  SEHABXS   ON  THE  MINESAIi  CONSTITUENTS  FOUND 

IN  OBGANISMS. 

HISTORICAL.   NOTES. 

The  functions  of  the  minei*al  nutrients  in  plants  and  animals  consti- 
tute a  highly  important  problem.  Normal  development  is  impeded  by 
the  decrease  and  entirely  prevented  by  the  absence  of  even  a  single 
nutrient,  and  gmdual  decline,  disease,  and  finally  death  will  result 
from  the  continued  withholding  of  any  such  substance.  Thus  yellow 
sjKjts  will  develop  on  the  leaves  of  the  sugar  })eet  when  the  soil  is  defi- 
cient in  lime;  mold  fungi  will  not  develop  spores  but  only  mycelium 
when  the  amount  of  magnesia  in  the  nourishing  medium  l)ecomes  too 
.small;  and  even  the  primary  segmentation  will  stop  entirely  in  the 
fecundated  eggs  of  lower  marine  animals  when  lime  salts  aie  withheld, 
while  every  further  ph^^siological  action  comes  to  an  end  as  soon  as 
sodium  salts  are  substituted  for  potassium  salts  in  the  cells.  Pigeons 
die  in  a  few  weeks  w  hen  fed  with  materials  too  poor  in  mineral  matter, 
and  dogs  can  not  subsist  on  meat  which  has  been  macerated  with  cold 
water,  bv  which  means  most  of  the  mineml  matter  is  removed.  The 
result  of  eating  such  food  is  weakness  of  the  muscles  and  nervous 
excitability,  which  finally  lead  to  death  with  spasms  and  the  sym])toms 
of  suffocation. 

In  examining  highly  differentiated  plants  and  animals  there  are 

obs(»rved  not  onlv  certain  differences  as  to  tlie  total  sum  of  mineral 

matter  in  the  different  organs  of  the  sjime  organism,  ])ut  also  certain 

regularities  as  to  the  proportions  of  the  mineral  constituents.     On  tlie 

other  hand,  pathological  conditions  lead  to  a  partial  excretion  of  the 

minei'al  matter.     Thus,  in  tuberculosis  of  man  the  excretion  of  lime 

and  magnesia  is  increased,  and  in  diabetes  the  increased  excretion  of 

lime  is  a  specific  symptom.     These  facts  can  be  understood  properly 

only  when  it  is  admitted  that  for  the  normal  functions  of  organs  a 

certain  amount  of  lime  and  magnesia  is  indispensable. 
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Humphrey  Davy  ^  was  the  first  savant  to  consider  the  niinemi  con- 
stituents easential  for  the  development  of  plants.  He  says:  '*Tbe 
chemistry  of  the  simpler  manures  (the  manures  which  act  in  very  small 
quantities,  such  as  gypsum,  alkalis,  and  various  saline  substances)  has 
hitherto  been  exceedingly  obscure.  It  has  been  generally  supposed 
that  these  materials  act  in  the  vegetable  economy  in  the  same  manner 
as  condiments  or  stimulants  in  the  animal  economy,  and  that  they 
render  the  common  food  more  nutritive.  It  seems,  however,  a  much 
more  probable  idea  that  they  are  actually  a  part  of  the  true  food  of 
plants,  and  that  they  supply  that  kind  of  matter  to  the  vegetable  fiber 
which  is  analogous  to  the  bony  matter  in  animal  structures."  Davy 
mentions  among  other  things  the  beneficial  action  of  gypsum,  bone 
dust,  and  slaked  lime.  Indeed,  the  favorable  effects  of  wood  ash,  bone 
dust,  and  liming  upon  vegetation  have  been  known  since  olden  times. 
Furthermore,  mills  for  grinding  bones  existed  early  in  the  last  centiii-y 
in  France  and  England,  and  enterprising  men  went  so  far  as  to  dig  up 
battlefields  in  Europe  and  unearth  thousands  of  tons  of  bones  for  agri- 
cultural purposes. 

Sprengel*  was  the  second  one  to  express  an  opinion  on  this  subject. 
He  sa3^s:  "We  can  accept  it  as  an  indisputable  fact  that  mineral  mat- 
ters found  in  plants  also  are  real  nutrients  for  them,  and  that  it  is  not 
their  action  upon  the  humus  which  makes  them  important,  since  g^'p- 
sum,  potassium  sulphate,  and  calcium  phosphate  do  not  at  all  act  upon 
the  humus."''    Boussingault  (1837)  also  held  similar  views. 

In  quite  a  different  sense  Berzelius  argued  the  same  year  that  the 
action  of  lime  is  simply  that  of  a  stimuhuit  for  the  plant  and  a  solv^ent 
for  the  humus,  and  that  lime  and  alkali  promote  the  rotting  of  organic 
materials. 

After  Sprengel  followed  Liebig  (1840),  whose  theories  received  sub- 
stantial support  in  the  important  researches  of  Wiegmann  and  Polstorf 
(1842).  However,  great  as  was  Liebig's  merit  in  overthrowing  the 
dominant  theory  of  the  nourishing  qualities  of  organic  matter  called 
humus,  in  the  soil,  and  in  showing  the  absolute  necessit}'  of  mineral 
salts  in  plants,  the  fact  can  not  be  denied  that  he  made  various  errors, 
especially  in  his  earlier  years.  For  instance,  he  at  one  time  believed 
that  mineral  bases  serve  merely  to  neutralize  the  organic  acids  in  the 

«  Elements  of  Agricultural  Chemistry,  London,  1814. 

ftTheorie  der  Diingimfi:,  1839. 

<^  As  a  8ignifi(rant  fact  it  may  be  mentione<l  that  the  Prussian  Academy  of  Sciem^es 
in  the  year  1800  offere<l  a  prize  for  an  investigation  to  decide  whether  the  mineral 
matters  found  in  plants  are  taken  up  from  the  soil  or  whether  they  are  productxl  in 
the  plants  themselves  by  vital  power.  This  question  was  treated  by  Schrader,  whoee 
decision  was  in  favor  of  the  latter  opinion.  How  much  farther  advanced  was  Saos- 
sure,  who  in  1804  declared  that  the  mineral  matter  of  humus  contributes  in  a  certain 
degree  to  its  fertility,  since  the  same  is  found  in  the  aMhes  of  the  plants  (R<k;herches 
sur  la  vegetation).     Senebier  entertained  the  same  view. 
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plant  and  that  they  could  replace  each  other,  and,  further,  that  alkaloids 
in  plants  could  play  the  part  of  mineral  bases.  He  ascribed  certain 
diseases  of  plants  solely  to  the  deficiency  of  mineral  matter  in  the  soil, 
but  later  investigations  have  demonstrated  that  fungous  or  animal 
parasites  are  the  true  causes.  After  about  twenty  years  of  hard  fight- 
ing* the  importance  of  Liebig's  mineral  theory  was  in  the  main  recog- 
nized and  the  old  humus  theory  abandoned.  However,  his  opinion 
that  the  mineral  bases  replace  each  other  has  been  proved  to  be  erro- 
neous by  the  experiments  of  Wolff,  Knop,  Hellriegel,  and  others.  The 
indispenssibility  of  potassium  was  proved,  especially  by  Friedrich 
Noblje,  Schroeder,  and  Erdmann  (1871),  as  was  also  the  noxious  char- 
acter of  lithium  salts  for  phanerogams.  Salm  Horstmar  and  Stoh- 
mann  furnished  evidence  that  lime  and  magnesia  can  not  replace  each 
other. 

When  Lie})ig  had  called  attention  to  the  necessity  of  certain  mineral 
constituents  in  plants  he  set  his  assistants  and  students  at  work  to 
analyze  the  ashes  of  a  great  number  of  plants.  He  published  an 
account  of  these  analvses  in  his  works  on  agriculture,  but  a  more  com- 
prehensive review  on  plant  ashes  is  given  in  the  tables  of  E.  Wolff.^ 
These  results  show  that  the  quantitative  composition  of  the  ash  of 
one  and  the  same  plant  varies  according  to  the  soil  upon  which  it  is 
grown,  but  that  qualitatively  there  is  no  difference.  This  observation, 
which  led  Liebig  to  erroneous  iussumptions,  was  properl}'^  explained 
much  later.  It  was  found  that  every  plant  absolutely  requires  a  cer- 
tain minimum  of  ea<'h  mineral  nutrient,  and  that  in  most  cases  besides 
this  minimum  it  takes  up  not  only  an  excess  of  these  various  com- 
pounds, but  also  substances  which  are  perhaps  useful  but  not  abso- 
lutely necessary  for  plant  functions,  such  as  sodium  salts  and  silica. 
In  the  case  of  potassium  or  calcium  salts  a  moderate  surplus  is  not 
noxious.  A  large  excess  of  lime  taken  up  can  be  easily  excluded  from 
secondary  influences  by  transformation  into  oxalate  or  carbonate — 
salts  which  arc  often  produced  by  plants.  Plants  adapted  to  saline 
desert  soils  show  inci-ustations  on  their  leaves,  which  may  sometimes 
contain,  in  addition  to  chlorid,  nitrate,  and  sulphate  of  sodium,  more 
than  50  per  cent  of  calcium  carbonate. 

The  surplus  of  mineral  matter  found  in  plants — nutrient  as  w^ell  as 
indifferent  compounds — depends  to  a  great  extent  upon  the  intensity 
of  the  current  of  transpii-ation,  which  explains  why  herl)aceous  plants 
show  a  higher  percentage  of  ash  for  the  dry  matter  than  do  the  leaves 
of  woody  plants.  While  cabbage  leaves,  which  have  about  90  per 
c^nt  water,  contain  15  to  18  per  cent  ash  for  the  dry  matter,  the  leaves 
of  potatoes,  clover,  and  giTLSs,  having  78  to  80  per  cent  water,  contain 
only  6  to  9  per  cent  ash  for  the  dr\'  matter.  In  trees  adapted  to  moist 
soil — for  instance,  Sallx^  Populm^  Acei\  and  Tilia — the  leaves  contain 

"Ast^hen  AnaU'sen  (2  volumes),  Berlin,  1871  and  1880. 
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more,  water  and  also  genei-alh'  more  ash  for  the  dry  matter  than  do 
the  leaves  of  trees  in  which  transpiration  goes  on  more  slowly,  suoh 
as  Quercv-s^  Fagu^^  and  the  common  kinds  of  Plnus,  While  leaves  of 
Acer  show  7  to  1)  per  cent  of  ash  and  those  of  Salix  4  to  6  per  cent, 
the  leaves  of  Pimi4i  moiitana  and  1\  aiistridca  show  only  0.58  per  cent 
and  0.74  per  cent,  respectively  (Ebermayer).  There  is  more  ash  iir 
the  leaves  than  in  the  roots  or  stems,  more  in  the  roots  and  st^^ms  than 
in  the  seeds,  and  more  in  the  seeds  than  in  the  wood. 

MINERAL   COMPOUNDS   FOUND   IN   ORGANISMS. 

The  mineral  compounds  chiefly  found  in  living  organisms  contain 
phosphates,  sulphates,  carbonates,  and  chlorids,  magnesia,  lime,  soda, 
potash,  iron  compounds,  and  silica.  Small  quantities  of  iodin  and 
fluorin  compounds  are  also  found  in  both  kingdoms.  Bromin  com- 
pounds occur  in  seaweeds.  Occasionally  there  are  present  in  plants 
small  quantities  of  titjinic  and  boric  acids,  lithia,  and  alumina,  and  of 
the  oxids  of  lead,  zinc,  and  copper.^  Sodium  salts  are  not  necessary 
for  ph^'siological  uses  of  plants,  but  are  for  those  of  animals.  Calcium 
salts  are  of  great  importance  for  plants  and  animals,  onl}^  the  lower 
fungi  and  lower  aglse  being  able  to  do  without  them.  Magnesium  and 
potassium  salts,  however,  can  not  be  dispensed  with  by  an}'  living  cell 
any  more  than  can  phosphoric  acid.  Manganese,  which  was  shown 
by  Risse  to  be  incapable  of  replacing  the  iron  in  plants  and  was 
believed  to  be  entireh'  useless,  forms,  according  to  recent  researches  of 
Bertrand,  a  frequent  constituent  of  the  vegetable  oxidizing  enzymes.* 
Manganese  also  was  found  in  the  animal  body.  The  nitrates  and 
sulphates  present  in  plants  serve  chiefly  as  sources  of  nitrogen  and 
sulphur  for  protein  fonnation,  and  consequently  do  not  require 
further  discussion.  As  physiological  elements  these  must  be  desig- 
nated:   Potassium,  sodium,  calcium,    magnesium,    iron,    phosphorus. 


«Lippmaiin  observed  in  the  sugar  beet  not  only  boric  acid  and  copper  oxid,  but 
also  traces  of  vana<lin,  rul)idiuni,  and  ctesiuni  compounds.  Wait  found  0.31  per  cent 
titanic  acid  in  the  ash  of  oak  wood,  0.11  per  cent  in  the  ash  of  applee,  and  traeeH  of 
it  in  l)<)nes  and  meat,  and  Dunnington  found  it  in  many  soils.  Recently  traces  of 
arsenic  were  observed  in  normal  animals,  especially  in  the  epidermis,  by  Gautier  and 
Bertrand.  Copper  has  Ix^en  found  in  the  liver  of  Cephalopoda  by  Fr^derique  and  by 
Henze,  further  in  plant  ash  by  Mai^Dougal,  Heckel,  and  others,  while  Demarcay 
has  identified  vanadium,  molybdenum,  and  chromium  compounds  in  the  ash  of  cer- 
tain plants.  sirabiM  hfdlcri  (Fricke)  and  Viola  calaminarUi  thrive  on  soils  rich  in  zinc, 
while  Amor])hn  catieHcais  grows  well  on  a  lead  soil. 

^According  to  Lepinois,  iron  can  replace  manganese  in  the  oxidizing  enzymes. 
Woods  has  further  o])served  the  presence  of  oxidase  in  plants  grown  in  the  absence 
of  manganese.  Oxidases,  however,  act  more  powerfully  in  the  presence  of  manganese 
than  of  iron  (Bertrand). 
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chlorin,  iodin,  fluorin,  carbon,  hj^drogen,  nitrogen,  oxygen,  sulphur, 
and  silicium. 

VARIETY   OF   FUNCTIONS   OF   MINEliAL   SUBSTANCES. 

A  question  of  fundamental  importance  is  whether  a  ceilain  mineral 
constituent  has  one  or  several  functions  to  perform,  and  in  the  latter 
case  whether  at  least  one  of  these  several  functions  may  not  be  per- 
formed bv  some  other  related  constituent — in  other  words,  whether  a 
partial  substitution  in  the  organisms  would  be  possible.  Wlien  a  mere 
neutralization  of  acids  or  an  osmotic  action  is  involved  there  can  bo  no 
doubt  that  potash  or  lime  may  be  replaced  b}*^  soda,  or  when  incrus- 
tation of  a  tissue  is  necessary  for  protection  the  place  of  calcium  car- 
bonate might  betaken  even  by  silica.  The  solution  of  various  mineral 
salts  produces  osmotic  pressure  and  motion  required  also  by  animals. 
Thus  beef  tea  containing  0.35  gram  of  salts  per  liter  exei-ts  an  osmotic 
energy  of  several  atmospheres,  of  which,  however,  only  about  one- 
fourth  can  be  realized  in  the  stomach,  since  the  blood  itself  also  con- 
tains mineral  salts.  However,  it  suffices  to  produce  an  aqueous  current 
from  the  blood  to  the  stomach,  while  in  the  intestin(\s  the  current  takes 
the  opposite  direction."  Such  functions  are  not  specific,  however. 
In  the  purely  physiological  functions  of  a  chemical  nature  not  even 
a  partial  substitution  is  possible,  notwithstanding  that  various  asser- 
tions have  been  made  to  the  conti*ary.  In  the  living  protoplasm  potas- 
sium can  just  as  little  be  replaced  by  sodium  as  carbon  by  silicium. 

There  exist  physical  and  chemical  functions,  as  well  as  ecological  and 
physiologic*al  r61es.  A  further  distinction  may  be  dniwii  between 
elements  absolutely  necessary  and  such  as  act  merely  biMieficiallv. 
Sodium,  manganese,  and  silicium  in  the  phanerogams  belong  to  th(»  latter 
group.  A  physical  function  is  performed  by  the  calcium  phosphate 
in  the  bones,  by  the  silica  in  the  shells  of  Radlolaria  and  Dlatimn^ir.^ 
and  the  calcium  carbonate  in  those  of  F(/ravi!n!feriv.,  mollusks,  and 
birds'  eggs.  The  protection  against  snails  afforded  to  ceilain  leaves  by 
the  needle  crystals  of  calcium-oxalate  is  an  example  of  an  ecological 
role,  as  is  also  the  free  sulphuric  acid  secreted  by  certain  Gnatropoila^ 
as  Dolium  and  Cassis, 

In  order  to  furnish  a  foundation  upon  which  to  base  a  theory  of  the 
special  functions  of  the  various  mineral  constituents,  separate  analy- 
ses for  each  kind  of  organ  are  indispensable.  In  former  times  entire 
plants  or  animals  were  subjected  to  incineration  and  the  ash  analyzed, 
but  such  results  were  of  very  restricted  value.* 

«  Koppe,  Therap.  Monatshefte,  1897. 

^Thoa  one  author  hag  inferred  from  his  analyses  that  there  is  less  magnesia  In  cats 
than  in  dogs  and  less  potash  in  dogs  than  in  rabbits.  (Zeitschr.  f.  Biologie,  Vol. 
X,i).  321.) 
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GENERAL  VALUE   OF  (CERTAIN    MINERAL   SALTS. 

Mineral  salts  have  not  only  to  perform  physical  as  well  as  si>ecific 
chemical  functions,*  but  also  seem  to  contribute  directly  to  the  main- 
tenance of  the  living  condition  of  the  protoplasm.  A  most  striking 
instance  of  this  is  the  rapid  dying  of  infusoria  in  distilled  water.  The 
writer  entertained  for  a  time  the  supposition  that  this  phenomenon 
might  be  due,  as  in  the  case  of  the  alga  Spirogyra^  to  slight  traces  of 
copper  sometimes  found  in  distilled  water  and  derived  from  the  copper 
vessels  used  in  distilling.  Experiments  were  therefore  repeated,  water 
distilled  from  glass  vessels  being  used,  but  the  effect  was  the  same — 
the  infusoria  died  with  bloating,  their  protoplasm  swelling  and  disin- 
tegrating. The  only  conclusion  that  can  be  drawn,  therefore,  is  tliat 
the  distilled  water  extracts  from  them  traces  of  necessarv  constituents, 
which  must  be  mineral,  since  common  water  containing  some  mineral 
matter  has  no  such  action,  but  forms  the  verv  medium  of  existence  for 
these  organisms.  A  similar  effect  could  not  be  observed  with  the  same 
distilled  water  on  algte  cells,  which  may  remain  alive  in  it  for  a  consid- 
erable time,  although  the  growth  ceases.  But  here  the  walls  of  the 
cytoplasm  are  probably  of  greater  density,  which  would  prevent  the 
mineral  matters  of  the  cell  from  passing  easily  to  the  outside. 

This  phenomenon  observed  in  the  case  of  infusoria  strongly  resem- 
bles that  of  the  red  blood  corpuscles  and  leucocj^tes,  which  are  adapted 
to  the  degree  of  concentration  of  the  serum,  and  which  die  when  ti-ans- 
ferred  into  distilled  water,  but  remain  alive  for  some  time  in  a  sodium- 
chlorid  solution  of  0.()  per  cent.  The  nature  of  the  mineml  salts 
loosely  l>ound  by  the  proteids  of  the  living  mattt^r  may  vary  with  the 
character  of  these  proteids.  In  the  one  case  it  may  be  sodium  chlorid, 
in  another  the  secondary  potassium  phosphate,  and  in  a  third  a  calcium 
salt.  It  should  be  pointed  out  once  for  all  that  we  can  hope  to  under- 
stand the  living  state  of  protoplasm  only  when  the  proteins  of  the 
living  matter  are  recognized  to  be  chemically  labil  bodies,  which  the 
slightest  influence  often  suffices  to  transform  into  the  more  stable 
isomeric  forms  of  dead  matter.  Relatively  stable  proteins  are  also 
those  in  milk  and  the  reserv^e  proteins  in  eggs  and  seeds.  Spon- 
taneous transformations  of  labil  compounds  into  stable  ones  by  atomic 
migration  often  take  place  ver}'  easily — for  example,  when  certain 
amido  aldehydes  or  amido  ketones  are  liberated  from  their  combination 
with  acids. 

Years  ago  M.  Nencki^  recognized  the  importance  of  the  mineral 

A  Certain  salts  may  also  exert  a  stimulating  action,  that  is,  some  fluorids,  iodids,  and 
manganese  and  uranium  compounds,  as  has  been  shown  by  recent  work  of  the  writer 
in  conjunction  with  Messrs.  Nagaoka,  Aso,  Sawa,  and  Suzuki.  Great  care  must  be 
exercised  in  the  use  of  such  stimulant^j,  since  in  certain  amounts  they  act  as  poisons 
rather  than  as  stimulants. 

&  Arch,  des  Sci.  Biologiqut^  de  St.  Petcrslmrg,  1894,  Vol.  Ill,  p.  312. 
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matter  combined  with  the  plasma  proteids.  "All proteins**  occurring 
in  the  living  organisms  are  combined  with  mineral  substances,  whereby 
the  proteins  concerned  acquire  specific  properties  and  functional 
signification  in  the  organisms." 

Since  in  a  normally  developed  plant  each  nutrient  must  be  present 
in  definite  amount,  it  is  evident  that  normal  growth  can  not  be  expected 
when  any  one  of  the  mineral  nutrients  is  present  in  insufficient  quantity, 
no  matter  what  amount  of  the  other  mineral  nutrients  may  be  avail- 
able. The  production  of  the  organic  matter  of  a  plant  of  definite 
size  depends  therefore  upon  that  mineral  nutrient  which  is  present 
in  relatively  smallest  amount.  For  example,  it  is  clear  that  the  divi- 
sion and  multiplication  of  cells  depends  upon  the  development  of  the 
nucleus,  and  that  upon  the  continuous  formation  of  nucleoproteids. 
Hence  when  phosphoric  acid  is  present  in  but  small  amount,  only  a 
corresponding  amount  of  nucleoproteid  can  be  produced.  This  holds 
good  likewise  for  lime,  since  we  infer  that  the  lime  compounds  of 
nucleoproteids  are  concerned  in  the  building  up  of  the  nucleus.  Potas- 
sium is  essential  to  organic  synthesis.  Accordingly  when  but  little 
pota^ssiuni  is  available,  the  organic  matter  in  the  plant  will  depend  on 
this  amount,  no  matter  what  amount  of  the  other  mineral  nutrients 
be  at  hand.  This  fact,  which  means  that  the  size  of  the  harvest 
depends  upon  the  mineral  nutrients  present  in  least  amount,  is  known 
as  Liefjl(fs  Law  of  the  Minimum,  Liebig  inferred  this  law  from  gen- 
eral principles  and  without  any  knowledge  of  the  special  function  of 
each  mineral  nutrient. 

It  may  be  proper  here  to  call  attention  to  another  phenomenon,  first 
recognized  by  Wolff.  He  determined  the  minimum  of  each  mineral 
nutrient  necessary  for  the  normal  development  of  the  oat  plant  when 
the  other  minenil  nutrients  were  in  excess,  and  found  that  when  all 
the  mineral  nutrients  are  offered  in  the  determined  minimum  amounts 
at  the  same  time  it  is  impossible  for  the  plants  to  flower  and  fruit 
normally.  When  only  the  absolutely  necessary  minimum  of  one  of 
the  nutrients  is  offered  a  certain  surplus  of  some  of  the  others  must 
be  present. 

THE   IX)W  ATOMIC   WEIGHT  OF  THE   MINERAL   NUTRIENTS. 

A  review  of  the  elements  necessary  for  organic  life  shows  at  once 
that  they  have  low  atomic  weights,  iron,  with  an  atomic  weight  of  66, 
having  the  highest  among  them.  This  is  due,  according  to  Leo  Errera, 
not  only  to  their  more  frequent  occurrence  in  the  various  compounds 
making  up  the  earth's  crust,  but  also  to  their  higher  specific  heat. 

a  While  "protein"  is  the  general  denomination  of  all  kinds  of  albuminous  sub- 
rtances,  the  word  **proteid'*  applies  especially  to  the  complex  proteins,  e.  g., 
Duclcoalbamin,  mucin,  haemoglobin,  etc. 
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Thus  water,  constituting  a.s  a  rule  two-thirds  to  three-fourths  an- 
sometimes  even  more  of  the  weight  of  a  living  organism,  has  th 
highest  specific  heat  of  all  substances;  consequently  it  can  diniinisi 
the  effects  of  i*apidly  changing  temperatures  upon  life. 

THE  PHTSIOIiOGICAL  RdLE  OF  PHOSPHOBIC  ACID. 

RELATION    OF    PllOSPIIORlO    ACID    TO    PROTEIDS    AND  TO   THE    l>IVIsioi 

OF   CELI.S. 

Phosphoric  acid  is,  above  all,  necessary  for  the  formation  of  hx^ithin  • 
and  the  nucleoproteids,  e.  g.,  chromatin*  and  plastin,  the  most  csi^en 
tial  constituents  of  the  nucleus  and  plastids.  This  makes  clear  thi 
statement  of  former  writers  that  phosphoric  acid  '*  follows  the  pro 
toids,"  since  every  new  cell  requires  them.  Wherever  phosphorii 
acid  is  transformed  from  the  dissolved  condition  to  an  insoluble  com 
pound,  as  in  the  formation  and  growth  of  the  nucleus,  fresh  supplies 
nmst  move  thither,  according  to  the  law  of  diffusion.  The  embryo* 
can  develop  by  cell  division  only  when  phosphates  are  stored  up  in 
sufficient  quantities  in  the  seeds  for  the  formation  and  increase  of  the 
nuclear  substance  in  the  new  cells.  Phosphoric  acid,  further,  is  not 
only  contained  as  calcium  and  magnesium  phosphate  in  the  globoids, 
but  is  also  distributed  in  the  seeds  as  dipotassium  phosphate. 

The  observation  that  the  total  mass  of  protein  in  seeds  is  increased 
by  an  increased  supply  of  phosphoric  acid  would  also  be  easily  under- 
stood on  the  basis  of  the  hypothesis  of  Strasburger  and  Schmitz  that 
the  nuclei  are  the  manufacturers  of  the  protein  matter.  This  hypoth- 
esis is  highly  probable,  and  in  fact  has  been  confirmed  by  Ilofer  in 
the  case  of  enzymes,^  which  must,  partially  at  least,  be  considered  as  a 
class  of  proteins. 

The  yield  of  grain  is  much  more  increased  by  phosphoric  acid  than 
by  nitrogen  or  potassium  compounds. 

In  order  to  observe  how  a  deficienc}^  of  phosphoric  acid  would  inter- 
fere with  the  normal  action  of  plant  cells  the  writer  compared  at  a  low 
temperature  the  behavior  of  algfe  {Spirogyra)  in  complete  culture 


flTwo  other  phosphoric  acid  compounds,  which  are,  however,  restricted  to  the 
higher  animals,  are  jecorin  and  inosic  acid,  the  latter  probably  being  merely  a  prod- 
uct of  nietaV>olism.  Besides  phosphoric  acid,  the  latter  yields  on  decomposition 
hypoxanthin  and  probably  trioxy valerianic  acid  (Heuser).  Another  compound, 
thus  far  en(!ountcred  only  in  plants,  yields,  besides  phosphoric  acid,  inosite  (SchuUe 
and  Winterstein).  This  compound  is  considered  by  Postemak  to  be  oxymethy! 
phosphoric  acid. 

&The  nuck»in  extracted  from  organized  structures  is  essentially  an  altered  chro- 
matin.    It  contains  metaphosphoric  acid  (Liebermann). 

cSitzungsberichte  der  Morph.  Physiol.  Ges.,  Munich,  1889. 
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^lutions  ^*  with  that  of  algaj  cultivated  for  eight  weeks  in  solutions 
free  from  phosphoric  acid,  hut  containing  all  other  necessary  mineral 
iutrientd.  The  result  was  that  there  was  no  growth  in  the  absence  of 
the  phosphoric  acid,  but  there  was  a  yellow  coloration  of  the  chloro- 
phyll and  an  accumulation  of  fat  and  albumin,  while  in  the  control 
Jga?  the  number  of  cells  liad  more  than  doubled,  the  coloration  of  the 
chlorophyll  was  normal,  and  the  amount  of  fat  and  albumin  stored  up 
iras  much  smaller  than  in  the  former  case.  When,  however,  at  the 
end  of  eight  weeks  0.1  per  mille  of  monopotassium  phosphate  was 
idded  to  the  culture  free  from  phosphoric  acid,  a  most  energetic  cell 
division  began  in  most  of  the  cells  after  a  short  time,  thus  demonstrat- 
bg  the  great  importance  of  phosphoric  acid  for  this  purpose. 

A  direct  participation  of  inorganic  phosphat(\s  in  the  formation  of 
dbumin,  as  Liebig  had  assumed,  has  not  been  proved,  and  is  improb- 
able. As  the  writer  has  observed,  cells  of  algae  can  continue  to  form 
Klbuniin  for  a  cei-tain  length  of  time,  even  in  the  absence  of  inorganic 
phosphates,  although  further  growth  and  multiplication  will  be 
itopped.^ 

THE   PHYSIOLOGICAL   IMPORTANC^E   OF   LECITHIN. 

This  ester  of  phosphoric  ac^d  contains  fatty  acids,  gh^cerol,  phos- 
phoric acid,  and  choline,  and  corresponds  to  the  following  formula:  ^ 

CH,-0-(/) 


i 


CHj— O— P=0 

It  is  a  regular  concomitant  of  fatty  matter.     It  swells  up  in  water  and 
is  even  somewhat  soluble  in  it,  a  property  which  renders  it  physiolog- 

<»The  composition  of  the  solution  made  with  distilled  water  for  the  control  culture 

was  as  follows: 

Per  mile. 

Potassium  nitrate 0.  2 

Calcium  nitrate 2 

Sodiam  sulphate 1 

Magnesium  sulphate 1 

Monopotaseium  phosphate 1 

Ferrooa  sulphate Trace. 

The  monopotassium  phosphate  was  left  out  in  one  of  the  solutions. 

^BioL  Centralbl.,  1891,  Vol.  IX,  No.  9. 

«(/)  Signifies  the  radical  of  a  higher  fatty  acid;  (rh)  signifies  the  radical  of 
choline: 

HO— OH.,— CIIj— N— CH, 

CH3 


Al^^^ 


26982— No.  45—08 2 
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ically  superior  to  the  ordinary  fatty  matter.  The  chief  function  of 
lecithin  ia  probably  to  serve  for  respiration;  it  represents  the  form  into 
which  the  fat  must  be  changed  to  become  combustible  in  the  proto- 
plasm, since  the  substances  serving  for  respiration  mujst  be  present 
in  the  protoplasm  in  a  dissolved  condition. ''  Since  fat  is  not  soluble,* 
transformation  of  it  into  soap  was  formerly  assumed,  a  view  which  is 
hardly  possible  in  the  case  of  plants,  while  upon  animals  soaps  injected 
subcutaneously  exert  a  poisonous  action  (Munk,  1889). 

By  the  transformation  of  fatty  matter  into  lecithin  the  higher  fatty 
acids  are  offered  to  the  protoplasm  in  a  soluble  form,  and  after  being 
oxidized  other  molecules  of  fatty  acids  may  enter  into  the  place  of  the 
former  and  thus  the  same  molecules  of  the  glycerol-phosphoric  acid 
can  serve  repeatedly  as  vehicles  for  oxidations  of  molecules  of  fatty 
acids.  The  fact  that  blood  corpuscles  contain  lecithin  but  not  fat 
seems  to  indicate  that  lecithin  may  be  produced  not  only  from  fat,  but 
also  directly  from  sugar,  as  is  fat.  A  great  therapeutic  value  of  leci- 
thin has  been,  demonstrated  in  cases  of  nervous  debility  and  weakness 
of  the  alimentary  functions.  The  brain  and  the  whole  nervous  sys- 
t^Mn  in  general  are  rich  in  lecithin,  fully  17  per  cent  of  it  having  been 
found  in  the  gray  substance  of  the  brain.  The  nervous  system  requires 
for  its  unceasing  activity  a  substance  which  unites  easy  combustibility 
with  a  great  deal  of  potential  energy  in  a  small  volume,  which  condi- 
tions are  admirablv  united  in  the  lecithin. 

Seeds  rich  in  starch  generally  contain  much  le,ss  lecithin  than  those 
rich  in  protein.  Thus,  barley  grains  conttiin  less  than  half  the  amount 
contained  in  sov  beans.  The  amount  of  lecithin  increases  to  a  certain 
point  in  the  first  stages  of  germination,  while  the  amount  of  fat 
decreases.''  Here  the  lecithin  is  evidently  formed  from  the  fat.  It 
seems  very  probable  that  the  observed  increase  of  lecithin  is  less  than 
was  actually  formed,  since  a  part  of  it  is  probably  consumed  nearly  as 
(juickly  as  produced.  The  evergreen  tea  leaves  lose  the  I'eserve  leci- 
thin in  spring  (Hanai),  and  green  plants  generally  lose  it  when  kept  in 
the  dark  (Stoklasji).  Heffter  oKserved  a  decrease  in  the  amount  of 
lecithin  in  the  liver  during  starvation.  E.  Schulze*"  found  that  during 
germination  the  (quantity  of  choline  increases,  and  that  in  wheat  the 
choline  is  localized  in  the  germ  of  the  grain,  but  not  in  the  endosperm. 
This  is  certainly  of  physiological  interest,  since  the  young  developing 
germ  must  (»arry  on  an  energetic  respiration  and  therefore  be  capable 
of  easily  forming  lecithin,  in  which  process  the  presence  of  choline  is 

*•'  We  oaii  t>lx«erve  this  with  choU'steriii,  which  is  fretiuently  (contained  in  the  cells 
ami,  ill  fact,  is,  like  liH'ithin,  a  iHMistant  i*i>ntx>niitant  of  fatty  matter.  It  is  not  per- 
ivptihly  oxidizinl  by  the  protoplainni,  the  almi>8t  al>^5^>hlte  insolubility  in  water  being 
here  the  oltstacle. 

'•Maxwell,  Chem.  OentralhL,  Vol.  XLI,  No.  1,  p.  :J66;  Frankfurt,  Landw.  Vers. 
Stat.,  Vol.  XLIII. 

«  Undw.  Vers.  Stat.,  Vol.  XLVl. 
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I  required.  It  may  -further  be  mentioned  in  this  connection  that,  iiccord- 
injj  to  Muntz,  the  amount  of  free  fatty  acids  increases  during  germina- 
tion, which  is  to  be  expected  when  lecithin  is  foniied  from  fat.  From 
all  the  observations  cited  it  will  be  seen  that  lecithin  plays  an  impor- 
tant role;  and  as  its  formation  is  made  possible  only  when  phosphoric 
acid  is  present,  one  of  the  functions  of  this  acid  at  once  becomes 


intelligible. 


PHOSPHORIC  ACID   IN   CHLOEOPHYLL. 


As  Trecul,  Gautier,  and  Hoppe  have  shown,  the  crystallized  chloro- 
phyllan  also  contains  phosphoric  acid  (1.39  per  cent);  indeed,  for  the 
formation  of  the  chlorophyll  green  the  presence  of  phosphoric  acid  is 
aUsolutely  required  (seep.  21).  The  opinion  has  been  expressed  that 
the  crystallized  chlorophyllan  is  a  kind  of  lecithin.  Others,  however, 
have  declared  it  a  mixture. 

POTASSIUM    PHOSPHATE   AS   A   CELL   CONSTITUENT. 

That  the  secondary  potassium  phosphate  as  such  has  also  an  impor- 
tant physiological  function  becomes  probable  from  its  geneml  occur- 
rence in  the  living  organisms.  Relatively  large  proportions  of  it  are 
found  in  yeast  cells,  in  seeds,  in  the  liver  and  muscles,  and,  in  fact,  in 
all  cjises  where  special  demands  for  great  chemical  achievements  are 
made.  It  causes  the  weak  alkaline  reaction  of  protoplasm  and  is 
probably  present  in  loose  combination  with  certain  proteins,  from 
which  even  treatment  with  water  will  often  easilv  remove  most  of  it. 
A  further  special  function  of  phosphoric  acid  is  the  use  of  calcium 
phosphate  for  the  formation  of  bones.  The  blood  ash  of  cattle  con' 
tains  4  to  ()  per  cent  and  of  man  9  to  11  per  cent  of  phosphoric  acid. 

The  dry  substance  of  muscles  contains  about  4  per  cent  of  mineral 
matter,  of  which  again  nearly  two-thirds  consist  of  dipotassium  phos- 
phate. This  is  also  nearly  the  proportion  found  in  beer  yeast.  Wheat 
gmiiis  contain  from  1  to  2  per  cent  ash,  of  which  nearly  one-half  con- 
sists of  potassium  phosphate  and  nearly  one-fourth  of  calcium  and 
naagnesium  phosphate,  while  another  portion  of  phosphoric  a(;id 
present  in  that  ash  is  derived  from  the  destroyed  nuclei n  and  small 
portions  of  lecithin." 

The  requirements  for  normal  field  crops  are  considerable,  a  wheat 
crop,  for  example,  extracting  from  1  hectare  (about  2.5  acres)  of 
ground  about  26.5  kilos  of  this  acid.  The  forest  products  require 
much  less.  It  is  in  the  production  of  seeds  especiallj^  that  the  pow- 
erful influence  of  fertilization  with  phosphates  becomes  apparent. 

"Several  views  have  been  expreese<l  as  to  the  transportation  of  calcium  phosphate 
^  the  seeds.  This  salt  is  insoUible  in  water,  but  may  Ix^  dissolved  in  small  quantities 
^  the  weak  acid  juices  of  the  plant.  Vaudin  (Chem.  Zeitung,  No.  91, 1895)  believes 
that  its  transportation  in  the.  vegetable  organism  is  accomplished  by  sugar  and  potas- 
aum  maiate  or  citrate,  which  dissolve  it  in  small  quantities. 
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Whether  bypophosphites,  phosphites,  or  hypopbosphates  can  ever 
be  of  physiological  value  is  a  question  which  must  be  determined  by 
further  studies.  Knop  showed  in  an  experiment  with  maize  in  1881 
that  phosphoric  acid  can  not  be  replaced  by  hypophosphoric  acid. 
The  writer  has  observed  that  algae  are  at  least  not  injured  by  a  1  per 
mille  solution  of  sodium  hypophosphite,  phosphite,  or  pyrophoi^phate 
and  nietaphospha^e,  and  the  two  last-mentioned  salts  <*an  even  be  ivell 
utilized  by  mold  fungi. ^  The  assertion  once  made  that  phosphoric 
acid  in  alga3  may  be  replaced  by  arsenic  acid  is  absurd,  and  moreover 
Molisch  had  shown  it  to  be  impossible. 

TH£  PHTSIOLOGICAL  BdLE  OF  SILICA. 

Ritthausen,  as  well  as  Wolflf  (1880),  arrived  at  the  conclusion  that 
the  role  of  silica  in  the  leaves  consists  in  causing  the  dying  off  of  the 
leaves  during  the  ripening  of  the  fruits,  since  from  these  dying 
leaves  phosphoric  acid  and  other  mineral  nutrients  are  transported  to 
the  ripening  seeds.  Experiments  carried  on  for  fourteen  ^^ears  have 
shown  Wolff  that  plants  yielded  empty  grains  (taube  K5rner)  when  a 
certain  excess  of  phosphoric  acid  was  not  offered.  But  in  the  presence 
of  silica  this  excess  was  not  necessary,  since  it  could  be  drawn  from  the 
leaves  when  dying  off  sooner  under  the  influence  of  silica.  Hence, 
silica  can  be  considered  a  means  to  economize  the  phosphoric  acid  in 
the  soil. 

In  some  barks  {(\irj}hius,  Ace?')  so  much  silica*  was  found  that  a 
certain  value  seems  probable.  Sometimes  also  the  fibrous  materials 
are  relatively  very  rich  in  silica;  the  ash  of  linen  fiber  was  found  to 
contain  fully  28.2  per  cent. 

In  the  case  of  animals  silica  seems  to  play  a  rdle  in  the  formation  of 
hairs  and  feathers,  since  these  contain  an  organic  silicium  compound 
(Drechsel).  Various  organs  of  animals  contain  small  amounts  of 
silica,  but  young  animals  contain  in  the  same  tissues  more  SiO,  than 
older  ones  (Schulz,  11)02).  The  pancreas  is  especially  rich  in  silica, 
12.3  per  cent  of  its  ash  being  SiO^  (Faulhaber,  1899).  Human  hair 
contains  from  0.10  to  0.28  per  cent  SiO,  (Kail). 


«Bot.  Centralbl.,  1895. 

''It  has  been  a^serttnl  that  the  siliceous  deposit  in  the  bark  of  Fagus  and  Acer^ 
and  in  the  leaves  of  various  other  plants,  forms  a  protection  against  parasitic  fungi. 
(Forstlich-naturwissi^nschaftliche  Zeitschrift,  1893,  p.  224.) 
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THE  PHTSIOIiOOICAL  BdUB   OF  IBON  COMPOX7ND8. 

REUkTION    BETWEEN    THE    (*OLORIN(;    MATTER    OF  THE    BUK>1)    AM>  OF 

THE  LEAF. 

Iron  (compounds  are  indispensable  for  the  production  of  the  rhloro- 
phjll"  of  the  plant  and  of  the  haemoglobin  of  the  i*ed  blood  corpuscles 
of  the  higher  animals.  Without  the  former  there  is  no  assimilation 
of  carbonic  acid,  hence  no  a3'nthesis  of  organic  matter  in  the  green 
plant,  and  without  the  latter  no  respiration  of  the  vertebrates,  since 
it  is  the  bfemoglobin  that  carries  the  molecular  oxygen  to  the  remotest 
regions  of  the  body.  Although  the  chlorophyll  itself  does  not  con- 
tain iron,  haemoglobin  contains  it  as  an  essential  constituent  of  the 
molecule. 

There  is  evidently'  a  close  relation  between  the  coloring  matter  of 
the  leaf  and  that  of  the  blood.  The  phylloporphyrin  obtained  from 
chlorophyll  by  the  action  of  alkalis  shows  almost  the  same  spectrum 
as  the  hiematoporpb^M'in  obtained  from  the  htemoglobin  of  the  blood. 
Hjematoporphyrin  seems  to  correspond  to  a  dioxyphyllojx>rphyrin, 
and  both  of  these  compounds  appear  to  be  derivatives  of  pyrrol.  It 
was  especially  the  investigations  of  Nencki  and  of  Tschirch  that  first 
directed  attention  to  the  analogies  between  these  two  physiologically 
important  bodies. 

INFLUENCE    OF    IRON    AND    OTHER    MINERAL    NUTRIENTS   ON    THE    FOR- 
MATION OF  CHLOROPHYLL. 

Iron  is  not  the  only  requisite  for  the  production  of  chlorophyll. 
Other  mineral  nutrients  are  not  less  necessarv,  and  al)ovc  all  onlv  a 
normal  plastid  can  produce  the  green  color  with  the  aid  of  iron  salt^  and 
thus  become  a  chloroplast;  hence  cases  of  imperfect  plastids  may  occur, 
e.  g.,  where  an  increased  supph^  of  lime  is  required  to  produce  normally 
green  leaves.  A  case'where  phosphoric  acid  was  required  in  addition 
to  the  iron  to  produce  the  chlorophyll  was  observed  l)y  the  writ-er  in 
the  ca.se  of  an  alga.  Some  threads  of  Spirogyra  viajmm/a  were  placed 
in  2  liters  of  distilled  water,  to  which  were  added  only  0.2  per  mille 
calcium  nitrate  and  0.02  per  mille  ammonium  sulphate.  When  they 
were  placed  in  this  very  imperfect  solution  the  filaments  contained,  in 
all  probability,  some  stored-up  mineral  matter,  hence  a  modei-ate 
turther  growth  of   the  cells  was  not  surprising.      Besides,  mineral 

''An  observation  on  chlorophyll  made  by  the  writer  may  here  l)e  mentione<l,  as  it 
demonstrates  beyond  a  doubt  the  great  sensibility  of  this  substance  towanl  chemical 
'wigents.  When  Spirogyra  threads  are  treated  with  m<xlerately  concentrated  hydro- 
<^hlori(;  acid,  they  at  once  assume  a  yellowish  color,  but  soon  afterwards  turn  to  a 
^•oish  green,  which  points  to  two  successive  changes  and  indicates  that  in  the  prep- 
*'*tiou  of  pure  chlorophyll  strong  acids  have  to  be  avoided.  Various  discrepancies 
*D  the  observations  of  different  authors  may  be  traced  to  this  circumstance. 
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matter  of  some  cells  which  died  gradually  may  have  been  absorbed  by 
the  living  ones.  The  cells  did  not  increase  by  cell  division,  however, 
but  merely  enlarged.  After  standing  six  weeks  the  chlorophyll  bodies 
had  assumed  a  yellow  color.  The  liquid,  with  the  filaments,  after  the 
addition  of  0.02  per  niille  ferrous  sulphate,  was  now  divided  into  two 
portions,  and  0.5  per  mille  secondar}^  sodium  phosphate  was  added  to 
one  of  them.  After  five  days  a  very  striking  difference  wbs  noticed, 
the  normal  green  reappearing  only  in  the  latter  case,  which  proved  that 
phosphoric  acid  is  an  essential  factor  for  the  production  of  chlorophyll. 
Stoklasa  also  has  observed  the  hecessitj'^  of  phosphoric  acid  for  the 
production  of  the  chlorophyll  green,  and  finally  Macchiata^  inferred 
from  his  experiments  that  plants  may  become  chlorotic  not  only  from 
a  deficiencv  of  iron,  but  also  from  lack  of  other  mineral  nutrients. 
Indeed,  cases  exist  in  which  it  is  the  deficiem^y  of  magnesia  which 
causes  this  phenomenon  (p.  58). 

An  interesting  fact  observed  b}'  Zimmermann*  is  that  the  chloro- 
plasts  in  chlorotic  leaves  are  smaller  than  in  normal  leaves,  and  appear 
to  be  incapable  of  forming  starch  from  sugar.  Different  from  chlorosis 
is  the  albinism  of  plants.  Here  the  leucoplasts  have  so  far  degener- 
ated that  they  become  incapable  of  producing  the  green  color,  ev^en 
when  all  the  necessary  mineral  nutrients  are  present.  Although 
incapable  of  forming  carbohydrates  from  carbonic  acid,  however, 
they  often  form  starch  from  sugar.  ^ 

FERTILIZING    EFFECTT  OF   IRON   SALTS. 

It  is  to  be  expected  that  a  moderate  manuring  with  iron  salts  would 
prove  beneficial  for  plants  grown  on  soil  deficient  in  iron.  Bracci^ 
mixed  1  part  of  ferrous  sulphate  with  20  parts  of  silt  and  applied  this 
mixture  to  soil  in  which  oats  and  wheat  were  grown,  and  as  a  result 
the  grain  ripened  seveiul  days  earlier  and  the  yields  of  straw  and 
grain  were  increased.  Spraying  with  ferrous  sulphate  is  also  said  to 
produce  favorable  results.  Ville  applied  a  2  per  cent  solution  to 
young  apple  and  pear  fruits,^  and  thus  not  only  hastened  the  ripening, 
process,  but  also  enlarged  the  size  of  the  fruit.  Cugini  seeks  to  explain 
this  on  the  ground  of  stimulation  of  the  protoplasm  and  increased 
production  of  chloroplasts  in  the  epidermis. 

ORGANIC   COMPOUNDS   CONTAINING    IRON. 

Haemoglobin  is  not  the  only  organic  iron  compound  in  organisms. 
Biinge  isolated  from  the  yolk  of  eggs  a  nudein-like  body,  haBinatogen, 

aBot.  Jahresber.,  1888,  p.  20. 

^Zimmermann,  Beitrii^*  zurMorph.,  ekt.,  Heft  II;  Sapoznikoff,  Bot.  C,  1889,  p.  321. 
<*Bot.  Jahrepber.,  1888,  p.  20. 
<^Bot.  jahresber.,  1883,  p.  43. 

*"  Bot.  Jahresl)er.,  1883,  p.  14.  Other  reports,  however,  mention  an  injurious  action 
of  a  1  per  cent  solution  uf)on  potato  plants. 


IKON    AND   MANOANESE.  23 

which  contained  5  per  cent  phosphorus  and  0.23  per  cent  iron,  and 
2»imilar  substances  were  observed  bv  Zaieski  in  the  liver  of  animals, 
and  by  Mai^allum,  Stoklasa,  and  Suzuki  in  the  nuclei  of  plant  cells. 
Spitzer  found  in  animals  oxidizing  enzymes,  which  were  nucleoproteids 
containing  about  0.2  per  cent  of  iron. 

IRON   IN    FUNGI. 

The  question  as  to  whether  iron  salts  are  necessary  for  fungi  was 
formerly  answered  in  the  negative.  Molisch,'*  however,  observed  that 
even  very  small  traces  of  iron  salts  have  a  great  effect  upon  the  growth 
of  fungi,  and  having  discovered  traces  of  it  in  th  ^  ash  of  various  fungi, 
he  considers  it  a  necessary  element  for  them.  Indeed,  slight  traces  of 
iron  are  frequently  present  in  the  nutrient  compounds  used  for  the 
cultivation  of  fungi.  Certain  writei's  admit  that  iron  produces  a 
beneficial  effect,  but  deny  that  it  is  absolutely  ne<*essary.  However, 
Molisch''s  observation  that  in  fungi  iron  can  not  be  replaced  by  nickel, 
cot)alt,  manganese,  or  zinc  deserves  special  consideration.  Traces  of 
zinc  and  related  salts  will,  according  to  Raulin,  Ono,  and  Uichards, 
also  increase  the  fungus  mass  in  a  given  time.  Richards  has  shown 
that  the  nutrients  are  more  economically  disposed  of  under  this  influ- 
ence. It  may  also  be  mentioned  here  that  Gautier  and  Drouin 
observed  that  ferric  oxid  promotes  the  fixation  of  atmospheric  nitrogen 
bv  soil  bacteria.* 

MANGANESR  IN   PLANTS. 

Physiologically  manganese  can  not  replace  iron  in  plants.  Plants 
have  been  raised  to  perfection,  moreover,  in  culture  solutions  which  con- 
tained no  trace  of  manganese.  However,  the  ash  of  plants,  especially 
of  woody  ones,  soqae times  contains  even  more  manganese  than  iron. 
Schroeder  calculated  for  1  hectare  of  80-year-old  beech  trees  near 
Tharand  a  content  of  104. 1  kilos  of  MnjO^,  but  onl}-  a  content  of  7.1)2 
kiloH  of  FcgO,.*^  The  ash  of  Piiius  strohuM  showed  a  content  of  2.0(5  per 
cent  MnjO^,  and  that  of  Populun  trmmiJa  1.06  per  cent  MngO^  (\Vel)er). 

In  the  case  of  pines  even  the  pollen  grains  contain  manganese. 
Kamann  found  in  them  5.23  per  cent  ash,  and  in  100  parts  of  this  ash 
1.95  per  cent  ferric  oxid  and  1.12  per  cent  manganic  oxid  (Mn,OJ.'^ 

Recent  investigations  by  the  author  in  conjunction  with  Messrs.  Aso 
and  Sawa  show  that  soluble  manganese  compounds  may  on  the  one 

« Sitzungsber.  d.  Wien.  Akad.,  1S92,  Vol.  CIII.  Aso  found  nearly  5  per  cent  ferric 
oxid  in  the  ash  of  the  spore«  of  Antpergillus  oryzit. 

*Bot.  Jahresber.,  1888,  p.  29. 

*  Wolff's  Aachen  Analysen,  Vol.  II. 

^The  manganese  content  in  oxidizing  enzymes  hafi  been  mentioned  on  p.  12.  Aso 
bas  observed  manganese  in  a  nucleoproteid  of  the  tcii  leaf  (Bull.  College  of  Agricul- 
tnre,  Tokyo,  Vol!  IV,  No.  4),  and  Balland  in  the  nucleina  of  trunks  of  certain  trees 
(Compt  Bend.,  1901). 


/ 


24  PHYSIOLOGICAL    BOLE    OF   MINERAL    NUTRIENTS. 

hand  be  injurious  to  the  chlorophyll,  while  on  the  other  hand  they 
may  exert  a  beneficial  action  by  stimulating  growth  of  the  plant. 
When  these  compounds  are  supplied  in  a  sufficiently  high  degree  of 
dilution  only  the  beneficial  actioh  is  exerted.  This  ina}'  bo  of  name 
practical  value  on  soils  where  manganese  in  readil}-^  available  condition 
is  wanting. 

Nagaoka  has  recently  ob.-^erved  in  a  field  experiment  with  rice  an 
increase  of  one-third  of  the  harvest  after  adding  manganous  sulphate 
to  the  soil  at  the  rate  of  50  kilos  per  hectare. 

THE  PHYSIOLOaiCAL  BOLE  OF  HALOGEN  COMPOUNBS. 

PLANTS   RAISED   WITHOUT   CHLORIDS. 

The  chlorin  compounds  to  be  considered  in  this  connection  are 
essentially  those  of  sodium  and  potassium.*^  These  chlorids  are  not 
necessary  in  the  physiological  functions  of  lower  organisms.  Fungi 
and  fresh-water  algae  can  be  successf uU}^  cultivated  without  a  trace  of 
a  chlorid.  In  the  case  of  the  higher  plants,  Knop  and  Batalin  success- 
fully cultivated  even  halophytes  in  the  absence  of  sodium  chlorid,  and 
Knop''  maintains  that  chlorids  are  superfluous  for  all  plants,  and  hence 
reconmiends  a  culture  fluid  free  from  chlorids.**  On  the  other  hand, 
functions  appear,  in  certain  plants  at  least,  which  perhaps  by  adapts 
tion  become  dependent  upon  the  presence  of  chlorin,  especially  in  the 
form  of  potassium  chlorid. 

VALUE   OF   POTASSIUM   CHLORID    FOR   BUCKWHEAT. 

Nobbe  has  observed  that  buckwheat  plants  thrive  normally  in  cul- 
ture solutions  without  chlorids  until  the  flowering  period  is  over,  but 
that  soon  thereafter  the  tips  of  the  stalks  die  off;  the  upper  part  of 
the  stalk  thickens  and  shows  ring-like  swellings;  the  epidermis  bursts 
vertically;  the  dark  green  leaves  become  brittle,  spotted,  and  puffy, 
and  roll  in;  no  fruit  is  produced,  and  a  microscopical  examination 
shows  a  great  accunmlation  of  stiirch  gmnules  in  parts  of  the  stems. 
These  observations  have  been  confirmed  hy  Leydhecker.'' 

It  might  be  supposed  that  the  formation  of  diastase  is  prevented  by 
the  absence  of  chlorids,  and  that  the  transportation  of  starch  thus 
becomes  impossible,  but  the  difficulty  interposed  by  this  hypothesis  is 

«  Calcium  and  magnmiiin  chlorid  have  an  injurious  effect  on  plants,  probably  on 
account  of  the  liberation  of  hydrochloric  acid  in  celly,  this  not  l)eing  assimilated  lik^ 
nitric  or  sulphuric  acids,  and  therefore  accumulatinj?  to  a  noxious  degree. 

ftKreislauf  desStoffs,  Vol.  I,  p.  616. 

<'In  Knop's  culture  fluid  tbe  proiKirtion  of  the  mineral  nutrient-s  is  as  follows:  1 
KNOs,  1  KH2PO4,  1  MgS04,  and  4  Ca(N03)..,.  The  iron  is  suspended  as  ferric  phoe- 
phate.  • 

<njindw.  Vers.  8tat.,  lS(y)  and  18(i6,  Vols.  VII  antl  VIII. 


ACTION    OF    CHLORID9.  ?5 

&Bt  the  development  of  the  plant  proceeds  normal h^  for  a  considerable 
length  of  time,  that  is,  until  the  flowering  stage  is  reached.  This  also 
militates  against  Detmer's  belief  that  the  beneficial  action  of  pobissiuni 
cfalorid  on  the  migration  of  starch  is  due  to  the  formation  of  hydro- 
chloric acid  from  this  chlorid,"  which  acid,  in  very  small  quantities,  he 
claims,  will  promote  the  saccharification  of  starch  by  diastase. 

According  to  Chittenden  and  to  Wachsman  diastase  acts  more 
energetically  in  the  presence  of  small  doses  of  sodium  chlorid  (0.24 
per  cent)  than  in  their  absence,  while  A.  Mayer  failed  to  observe  a 
similar  eflfect  with  potassium  chlorid,  which  in  a  dose  of  1  per  cent 
retarded  even  diastatic  action. 

BENEFICIAL   AND   INJURIOUS   ACTION   OF   CHIX)RII)S. 

Observations  of  Sprengel,  Liebig,  and  others  show  that  small  (}uan- 
tities  of  common  salt  act  beneficially  on  various  crops,  especially  on 
beans  (Sprengel).  Blomeyer '^  observed  a  veiy  favorable  effect  with 
beans  on  applying  even  as  much  as  100  kilos  of  sodium  chlorid  per 
hectare  on  a  soil  that  had  received  barn  vard  manure.  But  he  would  not 
give  a  general  recommendation,  since  in  dry  climates  the  result  might 
be  different  from  that  in  moist  climates  or  rainy  seasons.  Pe  thy  bridge ' 
observed  the  production  of  a  deep  green  color  with  wheat  that  had 
received  some  sodium  chlorid.  Ennenbach  ^'  reports  a  beneficial  action 
on  various  plants  grown  in  mineral  solutions  containing  0.15  per  cent 
of  sodium  chlorid,  while  even  0.3  per  cent  exerted  a  retarding  effect, 
although  a  stimulant  action  on  the  growth  of  root  hairs  was  still  observ- 
able. The  author  has  also  confirmed  the  observation  of  No})l)e  that  a 
chlorid  is  necessary  for  buckwheat  in  the  production  of  ripe  seeds. '^ 

It  is  further  claimed  that  sodium  chlorid  in  the  cotton  plant  aug- 
ments its  resistance  to  drought  and  rust  fungi,  and  also  that  it  tougliens 
wheat  straw;  further  that  the  transformation  of  starch  into  cellulose 
is  facilitated. 

When  the  amount  of  sodium  chlorid  reaches  a  cert4iin  concentration 
in  the  soil,  injurious  effects  will  be  observed.  Theassimilatio!!  process 
in  the  leaves  is  retarded  (Schimper)  in  the  first  place.  Sodium  chlorid 
also  reduces  the  amount  of  chlorophyll  in  plants  of  the  seacoast  region, 
but  causes  the  leaves  to  increase  in  thickness.  The  intt^nsity  of  assim- 
ilation  of  carbonic  acid  is  less  in  plants  on  the  seacoast  than  in  such 
plants  growing  farther  inland  (Griffon). 

Further  injurious  effects  are  the  decrease  of  cane  sugar  in  the  sugar 

^  Pflanzenphysiol.  Untere.  iiber  Fermentbildung,  Jena,  1884. 
*I>ie  Cultur  der  Landwirtfichaftlichen  Niitzpflanzen,  Vol.  I,  p.  iWO. 
*^  Botan.  Centralbl.,  1901,  No.  38. 
•^Landw.  Jahrb.,  vol.  30,  Siippl.  Ill,  p.  21  (1902). 

'Compare  also  the  valuable  discussion  of  Adolf  Mayer  on  thi.s  question.  Journ    f. 
I^ndwirtschaft.,  vol.  49,  pp.  42  and  57. 
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beet  and  that  of  starch  in  the  potato.*'  Potassium  and  mag^nesiuni 
chlorids  also  depress  the  starch  content  of  the  potato,  probably  on 
account  of  an  increased  amount  of  water  being  taken  up.  Potassium 
sulphate,  being  less  absorbed  by  the  tubers,  has  no  such  action.* 

Observations,  not  strictly  relating  to  chlorids  alone,  are  the  follow- 
ing: A  solution  of  1.8  per  cent  sodium  chlorid  will  prevent  the  g-ermi- 
nation  of  wheat  (Coupin).  Certain  algae,  such  as  Spirogyra  crassa, 
will  suffer  in  culture  solutions  containing  0.5*  per  cent  potassium  oi 
sodium  chlorid,  while  lower  kinds  are  not  affected  by  1  per  cent  chlorid 
of  sodium,  or  even  more,  and  certain  bacteria  and  small  3'easts  may 
•  grow  even  in  the  presence  of  from  10  to  12  per  cent. 

.    ABSORPTION   OF   CHLORIDS   BY   AQUATIC  PLANTS. 

The  considerable  absorptive  power  of  man}^  aquatic  plants  for  chlorids 
is  interesting.  The  ash  of  Nytuph^a  alha^  amounting  to  7  to  10  per  cent 
of  the  dry  matter,  was  found  to  contain  1)  to  23  per  cent  of  chlorin 
and  that  of  SplriKjyra  intlda  24  per  cent.  The  a^^h  of  such  plants  does 
not  always  show  a  sufficient  potassium  content  to  bind  all  the  chlorin 
present;  hence  a  part  of  the  latter  wmII  in  such  cases  l>e  present  as 
sodium  chlorid.  In  order  to  estimate  the  absorptive  power  of  Elodea 
canadAmaiH^  the  writer  has  determined  the  amount  of  chlorin  in  water 
which  mn  slowly  through  a  basin  in  which  this  plant  was  cultivated, 
and  found  that  the  water  contained,  per  liter,  4.5  mgr.  chlorin.  The 
amount  of  ash  in  the  plant  w^as  found  to  be  8.04  per  c^nt,  in  which 
was  0.6  part  chlorin;  hence  the  plant  contained  in  the  Av^  matter  over 
one  thousand  times  as  much  chlorin  as  an  equal  weight  of  the  water 
in  which  it  was  grown. 

SODIUM   CHLORID   IN   ANIMAIiS. 

Chlorin,  in  the  form  of  sodium  chlorid,  plays  an  important  role  in 
animals,  the  formation  of  normal  gastric  juice,  containing  0.2  j3er  cent 
hydrochloric  acid,  being  impossible  in  its  absence.  An  idea  of  its 
great  importance  for  the  blood  may  be  inferred  from  the  fai^t  that  on 
an  average  about  one-half  of  the  blood  ash  consists  of  chlorid  of  sodium. 
Nearly  one-third  of  the  ash  of  the  white  of  hens'  eggs  is  made  up  of  it. 
This  salt  can  not  be  replaced  by  potassium  chlorid,  as  the  latter  in  the 
same  quantity  w^ould  exert  a  noxious  influence  on  the  animal.  It  facil- 
itates the  absorption  of  protein  in  the  animal  organism  and  increases 
meta])olism.  An  adult  human  l)ody  contains  about  200  gi*ams  of 
sodium  chlorid. 

FLUORIDS   IN    PMY8IOLO(5ICAL    RELATIONS. 

The  presence  of  calcium  fluorid  in  teeth  and  bones  was  known  long 
ago.     Nioles  fl85(>]  observed  fluorin  compounds  also  in  various  other 

«The  injury  to  the  burning  qualities  of  tobacco  should  also  be  mentioned. 
^Sjollema,  Journ.  f.  LandwirU^chaft.,  vol.  47,  p.  305. 
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organs:  Horsford,  in  the  brain  of  men;  Tammann  [188S],  in  the  brain 
of  the  calf,  in  milk  and  blood,  and  in  Ggg  albumen  (about  1  mgr.  fluorin 
in  100  parts  of  these  objects).  Jodlbauer  obvserved  fluorin  compounds 
ako  in  embr^^os.  Hence  the  general  presence  of  fluorin  compounds 
in  plants  must  be  inferred.  The  plants  probably  absorb  it  from  par- 
ticles of  apatite,  a  fluorin  mineral  of  wide  occurrence. 

Sodium  fluorid  exerts  a  highly  poisonous  action  on  animals  and 
plants;  0.15  gram  per  kilo  body  weight  of  an  animal  forms  the  lethal 
dose  aiid  Phanerogams  are  killed  by  a  0.1  per  mille  solution.  Algie, 
yeast,  and  bacteria  are  also  very  sensitive  tow^ard  it.  Still  more  poi- 
sonous is  the  silicofluorid  of  sodium. 

In  exceedingly  high  dilution,  however,  fluorids  act  as  stimulants  to 
fungi  (Ono),  as  well  as  on  phanerogams  (Aso).  Solutions  of  0.001  per 
mille  or  15(V500  grams  per  hectare  show  a  very  marked  stinmlant 
elFect  on  agricultural  crops. 

BEHAVIOR   OP   PLANTS   TO   I-OTASSIUM    BROMID. 

Bromine  compounds  occur  normally  in  seaweeds,  but  as  yet  it  is  not 
known  whether  they  are  present  only  as  organic  or  also  as  inorganic 
combinations.  The  physiological  substitution  of  potiissium  bromid 
for  potassium  chlorid  in  the  higher  plants  is  ipipossible.  In  the  case 
of  buckwheat  plants  cultivated  with  potassium  bromid,  the  writer 
observed  long  ago  that  only  one  of  six  lived  to  bear  a  single  seed, 
the  others  dying  at  or  near  the  flowering  stage;  hence  the  recent  asser- 
tion that  bromids  are  not  noxious  for  phaneroganis  can  be  admitted 
only  in  the  case  of  certain  plants  or  for  a  limited  period  of  develop- 
ment. 

RELATIONS   OF   ORGANISMS   TO   lODIN    COMPOUNDS. 

Since  the  discovery  that  an  iodin  compound  occurs  in  the  thyroid 
and  the  th\mius  glands  and  also  in  the  blood  of  animals,  it  must  inev- 
itably be  aasumed  that  traces  of  iodin  compounds  nuist  exist  in  soils 
and  plants  also. .  Gautier'*  has  demonstrated  that  there  are  traces  of 
iodin  in  the  air  of  Paris.  He  determined  also  the  amount  of  iodin 
in  sea  water  to  be  2.82  mgr.  per  liter.  Various  marine*  organisms 
contiiin  moderately  large  quantities  of  iodin.  For  instance,  Harnack 
isolated  iodospongin  containing  on  an  average  8.2  per  cent  iodin  from 
marine  sponges.  Drechsel-^  found  in  a  protein,  viz,  the  axial  horny 
skeleton  of  the  coral  Gorgonla  cavolin!!^  7.7  per  cent  iodin.  On 
decomposition  with  baryta  this  protein  yields  a  compound  of  the  com- 
position of  monoiod-amido-butyric  acid. 

<» According  to  Gautier  (1899),  marine  alpa^  contain  in  100  graniH  dry  matter  60 
nigr.  iodin,  while  fresh-water  algie  contain  only  0.25  to  2.40  mgr.  Diifert  and  Halla 
iBcently  discovered  iodin  in  Chile  sftltpeter.  The  iodin  content  of  phosphorite  also 
is  of  eome  interest. 

^'Zeitschr.  f.  Biologie,  1895,  Vol.  XV.  Drecheel  calls  this  i)rotein  *'gorgonin."  On 
decompofiition  it  yielded  not  only  icniin,  but  also  2  per  cent  chlorin  (or  bromin?). 
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Potassium  or  sodium  iodid,  even  in  small  doses,  exerts  a  poisonous 
influence  on  animals  as  well  as  on  plants.  Germinating  buckwheat 
seeds  placed  in  a  full  mineral  solution  in  which  the  potassium  was 
offered  as  iodid,  died  before  the  first  leaf  was  developed,  as  the  writer 
observed  many  years  ago.  The  poisonous  action  of  the  iodid  of  potas- 
sium is  no  doubt  due  to  the  liberation  of  iodin  bv  oxidation  favored 
by  the  acid  cell  sap.  Lower  organisms  without  acid  juices  are  rather 
indifferent  in  this  respect.  The  writer  found  certain  algje  and  infu- 
soria alive  in  culture  water  five  weeks  after  0.5  per  cent  of  iodid  of 
potassium  had  been  added  to  it.  On  the  other  hand,  0.2  per  cent 
potassium  iodid  killed  larger  kinds  of  Spirogyra  within  a  few  days 
when  the  culture  solution  contained  traces  of  the  acid  monopotassium 
phosphate.  Lower  fungi  and  bacteria  are  not  injured  in  neutral  cul- 
ture solutions  to  which  even  1  per  cent  of  this  iodid  is  added.  Potas- 
sium iodid  has  been  found  by  bacteriologists  to  possess  a  germicidal 
action  only  when  present  in  large  doses.  In  very  small  doses  of  25  to 
300  grams  per  hectare  iodids  stimulate  growth  and  increase  the  harvest. 

THE  PHYSIOLOGICAL  BdLE  OF  ALKALI  SALTS. 

IMPORTANCE   OF   POTASSIUM   FOR   THE    FORMATION   OF   STARCH   AND 

PROTEIN. 

The  paramount  importance  of  potassium  salts  for  every  living  cell  is 
finiily  established.  In  green  plants  they  are  concerned  not  only  in  the 
synthesis  of  carbohydrates,  but  also  in  that  of  the  protein  bodies,  since 
not  only  is  there  an  increase  of  potassium  salts  in  such  parts  of  green 
plants  as  are  developing  mpidly  and  consequently  forming  large 
amounts  of  protein,  but  most  fungi,  oven  in  the  presence  of  such  a 
f avoidable  nutrient  as  sugar,  are  found  to  rcciuire  potassium  salts  for 
the  production  of  protein.  These  salts  cjin  never  be  replaced  by 
lithium''  or  sodium  salts,  but  in  certain  fungi  thoy  may  be  replaced  to 
a  limited  extent  by  rubidium  or  caesium  salts. 

It  is  a  well-known  fact  that  plants  cultivated  in  the  presence  of  more 
sodium  than  potassium  salts  will  neverthele^ss  absorl)  a  greater  quan- 
tity of  the  latter  than  of  the  former.  The  amount  of  potash  annually 
required  per  hectare  of  pine  forest  is  al)out  7.5  kilos,  of  wheat  field 
37.5  kilos,  of  clover  field  102  kilos,  and  of  potato  field  125  kilos. 
Other  things  being  equal,  an  increase  of  potash  will  increase  to  a  cer- 
tain degree  the  percentage  of  carbohydrates,  e.  g.,  starch  and  sugar, 
and,  further,  potash  is  reported  to  be  present  in  larger  proportions  in 
those  parts  in  which  the  carbohydrates  are  transported,  as  in  the 
parenc^hj'^ma  of  the  bark  and  pith. 

« Although  lithium  salts  exert  a  noxious  action  on  phanerogams  they  do  not 
readily  affect  alga\  Spirogyra  still  api)eared  normal  after  four  weeks  in  a  complete 
culture  solution  to  which  0.8  per  mille  lithium  chlorid  was  added.  At  a  highercon- 
centration,  however,  the  result  may  Ikj  different. 
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^secondary  potas8ium  phosphate  potwibh^  forms  loose  combinations 
vith  proteiDs  more  easily  than  does  sodium  phosphate,  since  an  increase 
of  pota&sium  phosphate  is  generally  accompanied  by  an  increase  of 
proteins,  as  in  the  seeds.  Pollen  grains  also  seem  to  be  rich  in  this 
salt;  at  least  Ramann  found  that  of  the  ash  in  the  pine  pollen  50.74 
per  cent  was  potash  and  30.08  per  cent  phosphoric  acid.  Seeds 
always  contain  much  more  potassium  phosphate  than  sodium  phos- 
phate, while  on  the  other  hand  the  proportion  of  soda  to  }K)tash  in 
form  of  other  salt«  than  phosphates  is  often  found  to  be  larger  in  the 
leaves  and  roots." 

The  following  table  shows  the  composition  of  seeds  of  (iraminea'  and 
Leguminoste,  the  latter  containing,  as  is  known,  relatively  more  protein 
than  the  former: 


Analyifiit  of  the  ^eedn  of  Gramiuea'.  and  lA'guminosft'.^ 


Product  analyziKl. 

Number 

of 
analyHCH. 

1 

r 

Total  aflh. 
Average. 

1 

Average  in  100 
parts  of  a«ih. 

Soda.        Potai»h. 

Protein. 

GrunlnesE: 

1 
t 

1 
Per  cf  III.  1 

Per  cent. 

Prr  cent. 

Prr 

cent. 

Wheat 

98 

1.97 

2.25 

31.16 

11.0 

Rye 

20 

2.09 

1.70 

31.17 

10.3 

Barley 

50 

2.  GO 

2.53  , 

20.  \:^ 

10.1 

Maize 

9 

1.51 

1.83 

1 

27.93 

10.0 

<>ate 

23 

3.H    ' 

1 

2.34 

16.32 

9.8 

Millet 

3 

3.43 

1.30  ' 

11.39 



AxeTAge . 

2.  A^yl 

1.99 

2:^.07 

10.2 

bi^minoRee: 

Vetch 

!                      3 

3.10 

7.8«) 

30.14 

27.9 

I^ 

,              29 

2.73 

0.96 

41.79 

22.7 

Lupin 

3 

3.95 

0.87 

29.  M 

35.3 

Sov  bean . . . 

1 

2.W 
3.57 

1  08 
1.31 

47.00 
42.49 

33.2 

Field  bean  (  Viria ) 

'              15 

24.8 

Garden  b<« 

n  ( Phjni«olu4() 

1              13 

3.22 

1.49 

1 

44.01 

24. 3 

Average . 

1 

3.  Zi 

2.17 

39. 21 

29.0 

_ 

1 

«  These  figures  were  taken  from  E.  WolfT's  Aschen  Analywn,  Vol.  I. 

Calculating  from  the  above  data  the  amount  of  soda  and  potash  for 
1,(KK)  parts  of  dry  organic  matter,  the  seeds  of  Gramineie  contain  0.48 
part  soda  and  5.67  parts  potash,  while  those  of  Leguminoste  contain 
0.70  part  soda  and  12.66  parts  potash.  It  is  seen,  therefore,  that  on 
an  average  there  is  more  potash  in  seeds  which  are  richer  in  protein,  but 
the  ratios  in  the  various  cases  do  not  show  a  close  relation.  For  the 
Gramineje  the  average  proportion  of  potash  to  protein  would  be  as  1 

"  In  some  cases  the  amount  of  so<la  foun(i  in  the  leaves  exceeds  even  that  of  ix)ta8h. 
Wolff's  tables  pve  for  the  leaf  of  Daucus  carotn  a  total  a^h  content  of  13.53  per  cent 
for  the  dry  matter,  and  for  100  part«  of  this  ash  19.83  parts  soda,  but  only  11.26  parts 
of  potash.  The  occasionally  rather  larjre  soda  content  in  the  leaves  is  due  to  the 
current  of  transpiration,  containing  sodium  salts  among  other  things. 
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to  17  and  for  the  Lej^mninosae  as  1  to  23.  Hornberger's  investiga- 
tions" on  the  growth  of  maize  showed  the  relation  between  pota:sb^ 
and  protein  nitrogen  in  the  different  periods  of  plant  development  to 
be  for  the  leaves  1-1.1  to  1-1.8,  or  calculating  from  the  protein  itself, 
1-6.8  to  1-12.2. 

BENEFICIAL  ACTION   OF  SODIUM   SALTS   UPON    PLANTS. 

The  fact  that  many  kinds  of  plants  have  been  raised  to  perfection 
in  the  absence  of  sodium  salts  proves  that  the  latter  have  no  indispen- 
sable function  to  perform  in  plant  life.  Stahl-Schroeder''  recently 
inferred  from  his  experiments  what  others  also  had  already  observed, 
that  is,  that  sodium  can  not  perform  the  special  part  of  the  functions 
of  potassium  which  relates  to  the  formation  of  organic  substances  in 
plants.  Nevertheless,  sodium  salts  may  sometimes  exert  a  beneficial 
action,  and  several  observers  ascribe  to  them  a  promoting  aclionin 
the  ripening  process  of  the  Graminete.  It  is  claimed  that  sodium 
nitrate  yields  up  its  nitrogen  to  the  plant  much  more  readily  than 
does  potassium  nitrate. 

Wagner  and  Wolff  have  each  reported  favorably  on  the  application 
of  sodium  salts,  pointing  out  that  as  regards  osmotic  and  neutralising 
functions  a  replacement  of  potassium  by  sodium  compounds  is  quite 
possible,  which  is  of  practical  value,  since  the  sodium  salts  are  much 
cheapiu-  than  the  potassium  salts.  In  a  recent  article  Dassonville '^ 
pointed  out  the  beneficial  action  of  sodium  salts  upon  wheat-  How- 
ever, further  control  experiments  along  this  line  will  be  necessary.*^ 

NECESSITY   OF  SODIUM   SALTS   FOR  ANIMALS. 

The  great  amount  of  sodium  chlorid  in  the  blood  has  already  been 
mentioned,  but  tlie  blood  contains  still  other  sodium  salts  of  impor- 
tance, such  as  sodium  bicarbonate  (in  the  ash  of  ox  blood  was  found 
14  to  IS  per  cent  sodium  carbonate)  and  the  secondary  sodium  phos- 
phate. Both  these  salts  have  an  important  bearing  on  the  respiration 
process,  as  they  carry  in  solution  to  the  lungs  for  exhalation  the  car- 
bonic acid  produced  by  even  the  most  remote  cells  of  the  body. 
According  to  Bunge,  cartilage  is  especially  rich  in  sodium  compounds. 

aLandw.  Jahrb.,  Vol.  XI,  p.  461. 

ft  Fertilizing  with  potaK^ium  salts  does  not  always  increase  the  yield  of  grain.  Fre- 
quently it  is  only  the  yield  of  straw  that  is  increased.  The  form  in  which  the  potas- 
sium salts  are  given  exerts  much  influence. 

<^  Jour.  f.  I^ndw.,  Vol.  XLVIl,  p.  78. 

<^  Revue  (x^ncrale  de  Botiinique,  1898,  Vol.  X.  He  states  also  that  "potassium 
silicate  produces  a  dark-green  color." 

*•  C'ojK^Iand  found  that  in  plants  potassium  salts  produce  a  greater  turgor  than  do 
sodium  salt><.  McKennev  observed  with  luminous  bacteria  that  either  sodium  or 
magnesium  is  required  for  light  production.  Potassium,  ammonium,  lithium,  rubid- 
ium, calcium,  barium,  and  strontium  can  not  replace  sodium  (or  magnesium). 
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CAN    POTASSIUM    SALTS    BE    REPLACED    BY    RUBIDIUM    SALTS    IN    GREEN 

PLANTS  AND  IN   ANIMALS? 

Various  authors  have  shown  that  potassium  can  not  )wi  replaced  in 
plants  by  sodium  or  by  lithium,  starvation  phenomena  occurring  with 
the  former  and  toxic  phenomena  developing  with  the  latti»r  (Noblni). 
As  regards  their  atomic  weight,  sodium  and  lithium  stand  below  while 
rubidium  and  caesium  stand  above  potassium,  as  follows: 

n1=    23    H^ff-1^ 

K    =    39      diflf,:  16 

Rb  =    S5.4  diflf.:  16x3-1.6 

Cs  =  133      diif.:  16x3-0.4 

Since  the  properties  of  elements  are  to  a  certain  extent  functions  of 
their  atomic  weight,  it  might  be  supposed  that  the  physiological  capa- 
bilities of  the  alkali  metals  would  increase  with  their  atomic  weight, 
but  the  facts  observed  are  not  in  accord  with  this  view. 

Molisch  has  demonstrated  that  algte  can  not  develop  if  the  potas- 
sium salts  of  the  culture  solution  are  replaced  by  rubidium  salts.  ^  In 
animals,  also,  neither  csesium  nor  rubidium  salts  can  Uike  the  pla<H»,  of 
potassium  salts,  although  a  moderate  amount  of  the  rubidium  salts  is 
not  noxious,  and  in  large  quantities  they  are  even  less  injurious  than 
the  potassium  salts.'' 

Birner  and  Lukanus^  demonstrated  that  plants  soon  perish  when  the 
culture  solutions  contain  rubidium  or  ca?sium  nitrate  in  place  of  potas- 
sium nitrate.  In  experiments  with  buckwheat  plants  the  writer  after- 
wards confirmed  this  conclusion  as  regards  rubidium  nitrate,''  not  taking 
ca?sium  salts  into  consideration;  but  he  observed  in  addition  that  the 
action  of  iTibidium  chlorid  differed  to  some  extent  from  that  caused 
by  rubidium  nitrate.  Where  the  chlorid  was  offered  the  plants 
attained  a  greater  height  than  with  the  niti-ate.  Those  with  rubidium 
nitrate  died  before  the  flowers  were  formed,  while  those  Avith  rubidium 
chlorid  died  after  that  period.  Toi'sion  and  thickening  of  the  stiilk 
and  curling  and  rolling  up  of  the  leaves  were  the  most  striking  results 
with  rubidium  nitrate.  In  both  cases,  however,  a  diagnosis  of  the 
pathologic  characters  revealed  essentially  a  disturbance  in  the  functions 
of  the  chlorophyll  bodies  and  in  the  transportation  of  starch,  the  effect 
on  the  latter  being  more  marked  with  the  nitrate  than  with  the  chlorid. 
A  chemical  comparison  of  buckwheat  plants  grown  with  potassium 
chlorid  and  of  those  grown  with  rubidium  chlorid  showed  (1)  that  the 


flQn  the  other  hand  no  injurious  influence  upon  alg«i>  is  noticed  when  to  the  com- 
plete culture  solutions  0.3  per  mille  of  the  chlorids  of  nil»idiuni  or  caesium  is  added. 

^According  to  Richet,  the  lethal  minimum  dose  of  rubidium  in  form  of  rubidium 
chlorid  is  1  gram  for  1  kilo  body  weight  when  applied  subcutaneously.  This  is  about 
twice  as  much  as  the  lethal  dose  of  potassium  chlorid. 

<^Landw.  Vers.  Stat.,  Vol.  VII,  p.  363. 

^'Landw.  Vers.  Stat.,  Vol.  XXI,  p.  3S9. 
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ethereal  extract  of  the  ''potassium  plants"  was  of  a  normal  pure  g-reen, 
while  that  of  the  "'  rubidium  plants"  was  of  a  yellowish  green;  (2)  that 
the  iiibidium  plants  contained  7.8  per  cent  of  glucose  in  the  dr^'  mat- 
ter, while  the  potassium  plants  contained  none;  (3)  that  there  was 
more  starch  in  the  potassium  plants  than  in  the  rubidium  plants. 

The  writer  has  observ'ed  further  that  the  replacement  of  even  one- 
half  of  the  potassium  chlorid  in  a  culture  solution  by  rubidium  chlorid 
will  impede  the  development,  the  plants  reaching  after  six  weeks  only 
half  the  size  of  the  control  plants.  Moreover,  the  leaves  were  partially 
rolled  in,  the  flowers  were  scanty,  and  the  plants  died  before  the  seeds 
ripened. 

These  experiments  proved  that  it  is  impossible  to  mise  normal  seed- 
bearing  buckwheat  plants  when  the  chlorid  of  potassium  in  the  culture 
solution  is  replaced  by  chlorid  of  rubidium,  but  on  the  other  hand  they 
left  hardly  any  doubt  that  rubidium  chlorid  can  serve  for  ceilain 
physiological  functions  of  which  sodium  chlorid  is  utterly  incapable. 
With  rubidium  chlorid,  buckwheat  plants  may  reach  a  dry  weight  of 
even  thirty-three  times  that  of  the  seeds,  but  with  sodium  chlorid  they 
seldom  reach  over  five  times.  In  a  normally  raised  plant,  howev^er, 
the  dry  matter  may  be  over  six  hundred  times  the  weight  of  the  seed. 
In  the  experiment  with  rubidium  chlorid  starch  was  formed  by  assimi- 
lation, but  in  those  witl  sodium  chlorid  none  was  formed.  The  flower- 
ing stage  was  reached  in  the  former  case,  but  not  in  the  latter.  With 
rubidium  chlorid  pathologic  phenomena  made  their  appearance  chiefly 
after  the  flowering  stage,  but  with  sodium  chlorid  staiTation  phe- 
nomena were  observed  very  much  earlier. 

Recent  experiments  of  the  writer  have  proved  that  rubidium  chlorid 
exerts  a  powerful  stimulating  action  on  the  growth  of  plants  when 
added  in  doses  of  10  to  200  milligrams  to  1  kilo  of  soil  in  which  all 
mineral  nutrients  are  present.  Ten  milligrams  sufficed  to  show  this 
effect  with  Brasfilca  chlnensU^  while  200  milligrams  had  a  surprising 
effect  with  barley.  A  loamy  soil  was  manured  per  kilo  with  1.5 
grams  ammonium  sulphate,  0.5  gram  sodium  nitrate,  1.5  grams  t^l- 
cium  superphosphate,  0.5  gram  monopotassium  phosphate,  and  1 
gram  potassium  carbonate.  In  the  one  case  were  added  200  milli- 
grams rubidium  chlorid;  in  the  other  an  equivalent  amount  of  sodium 
chlorid  (control  case).  Fife  barley  plants,  cut  soon  after  the  flow^ering 
stage,  yielded  the  following  result,  the  rubidium  plants  being  normal 
in  every  regard: 

Result  of  experiments  iviih  Fife  barley  plants. 


Part  of  plant. 


Ears  (fresh  weight) 

Living  leaves  and  ntalks  (fresh) 
Dead  leaves  (air  dry) 


Rubidium 
plants. 

Control 
plants. 

Orams. 

Grams. 

6.1 

3.7 

87.8 

53.6 

5.2 

4.8 

1 
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BEHAVIOR  OF   FUNGI   TOWARD   RUBIDIUM   HALTS. 

It  has  long  been  observed  that  mold  fungi  thrive  in  the  presence  of 
even  ver\'  small  quantities  of  potassium  salts,  traces  of  which  are 
sometimes  contained  as  impurities  in  cei"tain  organic  com|)ounds. 
These  traces  have  to  be  considered  in  preparing  culture  solutions  for 
special  purposes.  Yeast  requires  a  larger  amount  of  potassium,  espe- 
cially in  the  form  of  the  primary  and  secondary  phosphate,  than  do 
mold  fungi.  Certain  kinds  of  microbes,  such  as  Anthrax  bacilli,  do  not 
develop  well  when  the  amount  of  potassium  salts  is  very  small.  Sodium 
saltij  can  not  replace  potassium  salts  even  for  these  simple  organisms, 
but  rubidium  salts  can  do  so  in  certain  cases,  as  in  Bacillus  coll^  less 
suc(*essfulh^  in  B.pyocyan^^us^^  and  still  less  in  Cladothrixfi  The  writer 
has  also  established  the  fact  that  a  mold  fungus  {Penicllliwn)  and  yeast 
can  utilize  rubidium  and  cwsium  salts  when  the  composition  of  the 
nourishing  solution  is  othei'wise  very  favorable  and  contains  sugar  and 
peptone.  Giinther's  observation  that  the  behavior  of  different  mold 
fungi  to  rubidium  salts  varies  is  interesting,  these  salts  being  utilized 
by  Botrytiscinerea^  but  not  by  RhizopusnigricanH,^  The  less  favorable 
the  organic  nutrient  is,  however,  the  more  will  potassium  show  its 
superiority  over  rubidium.  The  cultures  of  Cladothrix  and  of  Penicil- 
liu/a  form  floating  masses  in  the  solution  containing  potassium  salts,^ 
while  they  gradual^  sink  to  the  bottom  in  those  containing  rubidium 
salts.  Further,  spore  formation  is  almost  entirely  prevented  in 
Penicilliuiu  when  rubidium  is  offered  in  place  of  potassium.  Only 
after  an  increase  of  the  magnesium  sulphate  a  scanty  formation  of 
spores  was  noticed. 

The  secondary  and  primary  phosphates  are  the  most  favorable  forms 
in  which  to  offer  potassium  salts  to  fungi.  In  case  phosphoric  acid  is 
applied  as  an  ammonium  salt,  potassium  may  be  added  as  lactate  or 
tartmte  or  as  other  assimilable  organic  salts. 

Finally,  it  may  be  mentioned  that  of  all  the  alkali  salts  pota.ssium 
salts  exert  the  most  powerful  positive  chemotaxis  upon  bacteria,  and 
that  next  to  them  come  rubidium  salts  (Pfeffer). 

«Bot.  Centralbl.,  1898,  No.  26. 

ft  Winogradzki  has  shown  that  Mycoderma  vini  also  can  utilize  rubidium  salts  to 
advantage,  but  not  caesium  salts. 
^  Di»iertation,  Erlangen,  1897. 
<'The  writer  prepared  the  culture  solutions  with  the  purest  materials,  consisting 

in  this  case  of — 

Per  cent. 

J^Kiium  acetate 0. 5 

(ilucoe«e 1.0 

Di-amnionium  phosphate 1 

Magnesium  sulphate 02 

Potaasium  tartrate __, ,_^ 10 

26982-  No.  i5S?^):*M%A  DEL  p/J 
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PHYSIOLOGICAL  SUPERIORITY  OF  POTASSIUM   SALTS. 

The  question  to  what  peculiar  property  of  potassium  its  physio- 
logical capacity  must  be  ascribed  implies  also  the  questions:  Why 
can  the  physiological  functions  of  potassium  salts  not  be  performed  by 
the  related  sodium  salts?  In  reviewing  all  the  properties  of  the  two 
metals  and  of  their  compounds  can  not  such  chemical  differences  be 
discovered  as  would  also  explain  the  great  physiological  difference? 
Can  there  not  be  found  in  potassium  chemical  properties  that  giv^e  it 
a  certain  superiority  over  sodium?  Long  ago  the  writer  searched  for 
striking  and  characteristic  differences  and  believes  he  is  justified  in 
calling  attention  to  the  following  facts,  which  prove  that  potassium 
and  its  oxid  can  bring  on  in  certain  cases  a  so-called  chemical  con- 
densation which  sodium  and  its  oxid  can  not.  For  instance,  carbonic 
oxid  can  be  condensed  by  potassium  to  triquinoyl,  a  benzene  derivative, 
but  not  by  .sodium  (Lerch,  Nietzki).  Phenol  added  to  fusing  potas- 
sium hydroxid  will,  under  condensation,  yield  diphenol  among  other 
things,  while  with  sodium  Ixydroxid,  oxidation,  and  but  little  condensa- 
tion, is  o])scrved,  resorcin  and  phloroglucin  resulting  (Barth). 

Among  other  noticeable  differences  may  be  mentioned,  (1)  that  cer- 
tain potassium  salts  condense  ethyl  aldehA^dc  to  aldol,  while  sodium 
salts  change  it  to  croton  aldehyde  (Kopp  and  Michael);  (2)  that  potai^- 
sium  acts. on  boiling  triphenyl  methane,  resulting  in  the  development 
of  hydrogen,  but  that  sodium  does  not;  (3)  that  potassium  salicylate  is 
converted  at  210^  C.  into  the  isomeric  paraoxybenzoatc,**  while  in  the 
sodium  paraoxybenzoate  just  the  reverse  tmnsformation  is  produced 
at  300^  C.  (Kolbe);  (4)  that  potassium  hydroxid  decomposes  peroxid 
of  hydrogen  more  quickly  than  does  sodium  h\'droxid  (SchOne). 

It  seems  very  probable  to  the  writer  that  from  the  physiological  point 
of  view  the  condensing  properties  of  potassium  are  of  prime  impor- 
tance. Substantial  reasons  exist  for  assuming  chemical  condensation 
processes,  not  only  in  the  formation  of  carbohydrates  and  fat,  but  also 
in  that  of  the  proteins,  i.  e'.,  in  the  three  principal  compounds  of  the 
plant  cell.  The  writer  chilled  attention  to  this  probable  role  of  potas- 
sium salts  in  plants  as  early  as  1880,*  and  still  holds  this  explanation 
to  be  the  correct  one. 

It  is  very  probable  that  for  the  condensing  operations  the  organoids 
of  plant  cells  use  a  potassium-protein  compound.  It  is  well  known,  of 
course,  that  chloroplasts  require  potassium  salts  for  the  assirailatory 
function  and  further  that  the}'  have  an  alkaline  reliction. ^    Finally, 

«The  corresponding  rubidium  salt  in  this  case  l)ehave8  similarly  and  therefore 
bears  more  resemblanc^e  to  the  potassium  than  to  the  sodium  salt. 

ftPfliiger's  Arch.,  Vol.  XXII,  p.  510. 

cMolisch  (Bot.  Zeit.,  1898,  No.  2)  observed  that  as  sooii  as  the  cells  are  killed  and 
the  chloroplasts  come  in  direct  contact  with  the  acid  cell  sap  the  cells  of  Coleu*  or 
PerilUiy  rich  in  chloroplasts  and  containing  anthocyan  in  an  acid  cell  sap,  underwent 
the  characteristic  change  from  red  to  blue  and  green  produced  by  alkaline  sob- 
stances.  Cells  of  the  same  plants  which  mrvt  poor  in  chloroplasts  or  free  from  them 
<lo  not  show  this  chauirc 
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Ihere  t-an  be  no  longer  any  doubt  that  sugars  are  produced  by  conden- 
sation. A.s  regards  the  formation  of  protein,  the  writer  has  on  various 
occasions  pointed  out  that  certain  facts,  especially  the  great  rapidity 
of  protein  formation  in  many  instances  and  the  absence  of  by-products 
and  between-products,  inevitably  lead  to  the  assumption  that  in  this 
process  also  condensation  plays  an  important  part. 

But  pota.ssium  salts  are  absolutely  indispensable  in  animal  life  also, 
althouj^h  the  synthetic  work  performed  is  not  so  far-reaching  as  in 
plants.  However,  the  formation  of  fats  from  sugar  in  the  animal 
body  requires  condensation  as  well  as  reduction,  while  the  formation 
of  glycogen  ^  from  glucose  and  that  of  proteids  from  proteoses  con- 
sists in  dehydration  and  polymerization.  In  such  cases  potassium 
alts  may  play  a  role,  and  perhaps  also  in  the  processes  of  organiza- 
tion, as,  for  example,  in  the  leucocytes  and  gland  cells,  which  latter 
are  in  certain  cases  frequently  renewed,  or  in  the  contractile  substance 
of  the  muscles  when  work  or  starvation  have  destroyed  a  part  of  it.* 

Nageli  ascribed  the  differences  in  the  physiological  capacities  of 
potassium  and  sodium  salts  to  their  different  affinities  for  water.  So- 
dium salts  bind  water  of  crystallization,  but  corresi)onding  potassium 
salts  do  not,  and  thus  being  free  from  such  a  dense  sphere  of  water 
the  latter  are  better  qualified  for  catah'tic  work.  The  dense  layer  of 
water  around  the  molecules  of  sodium  salts  would  not  only  prevent  the 
salt  itself  from  coming  into  inmiediate  contact  with  other  molecules, 
but  it  also  would  ipipede  an  effectual  transmission  of  vibrations.  On 
this  basis  also  NSgeli  tries  to  explain  the  fact  that  the  soil  absorbs 
l)otassiuni  salts  better  than  it  does  sodium  salts,  claiming  that  the  lat- 
ter are  prev^ented  by  their  water  mantle  from  following  the  attracting 
forces.*^  However,  objections  can  be  easily  raised  to  this  view,  the 
most  serious  one  being  that  by  no  means  has  every  sodium  salt  the 
water  of  crvstallization. 

TKE     PHTSIOIiOGIGAIi     BdliE     OF     GAIiCIXTM     AND     HAGNESITTM 

SALTS. 

DISTRIBUTION   OF    LIME   AND   MAGNESIA    IN    PLANTS. 

It  has  long  been  known  that  calcium  and  magnesium  salts  can  not 
physiologically  replace  each  other,  and  the  question  as  to  the  functions 
of  these  salts  has  until  recently  been  a  matter  of  conjecture.  The 
striking  regularity  with  which  the  leaves  of  plants  show  a  relative 

^  The  liver,  which  is  the  principal  or^n  in  glycogen  formation,  contains,  according 
to  Oidtmann,  three  times  more  potassium  than  sodimn,  while  in  the  spleen  the  pro- 
portion is,  acconiing  to  the  same  author,  just  the  reverse. 

^Organization,  as  it  takes  place  in  a  developing  organ,  is  one  of  the  least-known 
vital  pnx'esses.     One  thing,  however,  is  sure,  that  is,  that  a  connection  of  numerous 
VTotein  molecules  in  groups  of  a  higher  onler  takes  place.     This  conne<^ting  process* 
was  supposed  hy  Pfluger  to  consist  in  polymerization  or  etherifittation. 

'"Sitzungnlx^r.  d.  Bayr.  Akml.  Wiss.,  1879,  p.  348. 
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increase  in  lime,  while  the  seeds  show  an  increase  in  magnesia, 
finally  furnished  a  clew  to  the  mystery  of  the  action  of  these  salts, 
number  of  cases  will  serve  to  illustrate  that  different  parts  of  the 
plant  contain  quite  different  proportions  of  lime  and  magnesia, 
us  first  consider  the  leaves  of  the  Gramine«,  since  in  them  the  absertoi 
of  calcium  oxalate  excludes  an  otherwise  misleading  factor, 
following  data  are  extracted  from  tables  in  Liebig's  work;** 

Per  cents  of  lirtie  and  magnesia  in  the  ash  of  the  grain  and  tfie  straw  of  Graminex. 


Part  of  plant. 


Grains  of— 

Barley 

Oats 

Wheat 

Maize 

Rye  (bran) 
Straw  of — 

Barley 

Oats 

Wheat 

Maize 

Rye 


Mafrnetiia. 

Lime. 

Pa-  cent. 

Per  emit 

8.29 

2.48 

7.70 

3.70 

11.76 

3.30 

13.60 

0.67 

15.82 

3.47 

2.97 

7.28 

4.68 

7.29 

1.69 

6.93 

1.84 

5.38 

2.41 

9.06 

A  better  basis  for  a  comparative  estimate  will  be  obtained  if  the  aver- 
age of  these  figures  is  taken  and  compared  with  the  relative  number  of 
molecules  instead  of  the  absolute  weight.     The  seeds  of  Graminete  i^ill 
then  be  found  to  contain  for  every  17  molecules  of  lime  100  molecules 
of  magnesia,  while  in  the  straw  there  will  be  found  fully  224  mole- 
cules of  lime  for  every  100  molecules  of  magnesia.     The  leaves  of 
Phusiolufi  vulgaris  contSLUi  in  comparison  to  the  magnesia  content  four 
times  as  much  lime  as  the  seeds,  and  those  of  Brassica  napus  seven 
times  as  much.     The  proportion  of  magnesia  to  lime  in  tobacco  leaves 
was  found  to  be,  on  an  average,  as  1  to  5.     The  proportion  of  these 
constituents  in  the  flowers  is  also  different  from  that  in  the  leaves. 
For  example,  in  the  case  of  Ilmaulim  lupvlns  there  was  found  in 
the— 

Flowere 1  part  inagneBia  to  2  parte  lime. 

Leaves 1  part  magnesia  to  6  parts  lima 

On  comparing  the  underground  parts  of  the  plants  with  the  leaves,  it 
was  also  found  that  the  latter  contain  more  lime.  For  example,  it  wasj 
observed  in — 

Panrus  carotn,  roots 1  part  magnesia  to    2.5  parts  lime. 

leaves 1  part  magnesia  to  14.0  parts  lime. 

Solanum  tuberosumj  tul)ers 1  part  magnesia  to    0.6  part   lime. 

leaves 1  }>art  magnesia  to    6. 1  parts  lime. 


«Die  Chemie  in  ihrer  Anwendung  auf  Agrikultur  und  Physiologie,  7  ed.,  Parti. 
The  analyses  were  made  by  Way  and  Ogsten,  Weber,  and  others. 
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Very  great  dilBFerences  are  revealed  also  in  the  comparison  of  the 
wood  wth  the  seeds  in  this  regard,  the  lime  content  being  relatively 
increased  in  the  wood: 

Abie*  pectinata^  fleeds I  part  luagneHia  to  OM  part   lime. 

wood I  i)art  magnesia  to  4.62  parUi  lime. 

Pintig  si/lcenirusy  eeede I  part  magneKia  to  0. 12  part   lime. 

wood 1  part  magnesia  to  1.60  part^  lime. 

During  the  fruiting  year  of  a  beech  tree  150  years  old,  K.  Weber'* 
several  years  ago  made  some  interesting  observations  on  the  migration 
of  niag'nesia.  He  found  that  magnesia  as  well  as  nitrogen  migrated  from 
the  trunk  to  the  points  of  seed  formation,  and  in  a  smaller  measure 
also  sulphuric  and  phosphoric  acids  did  the  same.  The  decrease  of 
the  magnesia  in  the  wood  extended  to  ninety  annual  rings.  The  wood 
of  the  tree  was  analyzed  in  zones  of  thirty  rings  each.  The  percent- 
age of  lime  and  magnesia  in  the  ash  are  given  as  follows,  as  is  also  for 
comparison  the  composition  of  a  beech  tree  of  the  same  age  which 
had  grown  near  by,  but  which  bore  no  fruits  that  year: 

Lime  and  riuignesifi  in  a  fruiting  beech  and  in  a  cfnUrol  beech. 


Part  of  tree. 


Bart 

Zone  1 

Zoae  2 

Zone  3 

Zone4 

Zone  .5  (heartwood) 


Beech  tree  in  fnilt. 
Ill  the  luh— 

Beech  tree  not  in  fruit. 
I  n  the  ash- 

Lime. 

Magnesia. 

m 

IVr  rent. 

Lime. 

Mai^nesia. 

/Vr  cnU. 

Per  cent. 

Per  ceni. 

85.  W> 

2.60 

82.10 

3.65 

3.3.92 

12.65 

27. 69 

29.25 

34.13 

n.95 

31.52                 26.72 

35.98 

12. 15 

33. 55                 20. 39 

33.36 

13.36 

27.59  j              19.02 



31.21 

U.OO 

A.s  shown  by  the  table,  there  was  relatively  a  most  striking  decrease 
of  magnesia  to  lime  in  zones  1,  2,  and  3  of  the  trunk  of  the  seed  beech 
as  compared  with  the  corresponding  zones  from  the  control  beech. 

The  leaves  of  aquatic  plants  are  also  rich  in  lime.  The  proportions 
of  magnesia  and  lime  were  found  to  be,  in  Nympha^a  I  idea  ^  1:8.5;  in 
Lenma^  1:3.3  to  1:7.6;  and  in  EIod<'ji  canadentila^  1:8.4.  Also  algae 
show  similar  proportions,  as  seen  from  the  ash  anal>'ses  of  Splrogyra 
nitida  by  Pennington  (1896)  and  of  fucoids  by  Godechens  (1854). 
Algae  incrustated  with  calcium  carbonate  must,  of  course,  be  here 
excluded. 

From  what  has  been  said  under  this  head  it  will  be  seen  that  the 
analytical  investigations  of  the  ash  of  plants  show  (1)  that  lime  and 
magnesia  arc  present  in  every  part  of  the  plant,  and  (2)  that  the  leaves 
contain  relatively  more  lime  and  the  seeds  relatively  more  magnesia 
than  the  other  parts  of  the  plants.  These  characteristics  can  not  be 
accidental,  but  must  l>e  the  result  of  certain  functions. 

"Forstlich.  Naturw.  Zeitschr.,  1892. 
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THE  PHYSIOLOGICAL  IMPORTANCE   OF  LIME   SALTS  IN   PLANTS. 

The  greater  the  leaf  surface  developed  in  a  given  time,  the  more  lime 
is  necessary.  A  normal  crop  of  wheat  requires  per  hectare  (nearly  2.5 
acres)  about  11.6  kilos;  sugar  beets,  30.2  kilos;  grass,  49.4  kilos; 
clover,  111.8  kilos,  and  tobacco,  153.7  kilos,  while  a  normal  growth  of 
wood  needs  annually  about  20  kilos  of  lime,  besides  7  to  16  kilos  of 
magnesia,  2  to  10  kilos  of  potash,  and  0.8  to  4  kilos  of  phosphoric  acid. 
When  the  large  demand  by  plants  for  lime  salts  is  taken  into  consider- 
ation, it  is  easily  understood  that  an  absence  or  deficiency  of  lime 
becomes  apparent  very  early. 

Stohmann"  kept  maize  shoots  alive  for  some  time  in  a  culture  solu- 
tion free  from  lime,  but  all  development  gradually  ceased  with  the 
consumption  of  the  stored-up  lime.  However,  when  at  the  end  of 
several  weeks  some  calcium  nitrate  was  added,  a  very  striking  effect 
was  noticed,  hardly  five  hours  elapsing  before  new  buds  pushed  out 
from  the  sickly  looking  tips. 

Heiden*  observed  that  maize  and  peas  in  culture  solutions  without 
lime  lived  only  four  weeks,  and  reached  respectively  only  18.9  and  27 
cm.  in  height.  In  culture  solutions  without  magnesia,  however,  maize 
lived  ten  to  twelve  weeks  and  peas  lived  eight  weeks  and  attained  a 
height  of  44  and  30  cm.  respectively.  In  solutions  without  potasea  or 
phosphoric  acid,  but  otherwise  complete,  such  plants  lived  from  eight 
to  twelve  weeks.  The  absence  of  lime,  therefore,  was  felt  first,  owing 
probably  to  the  relatively  small  amount  of  lime  in  the  reserve  store  of 
the  seeds. 

Falladin  ^  placed  etiolated  leaves  of  Viciafaba  on  the  surface  of  dis- 
tilled water,  on  a  10  per  cent  cane-sugar  solution,  and  on  solutions  of 
0,3  per  cent  calcium  nitrate  with  and  without  the  addition  of  cane 
sugar,  but  a  noticeable  growth  was  observed  only  where  both  sugar 
and  calcium  nitrate  were  present.  The  same  author*'  has  found  that 
etiolated  leaves  of  Vlcia  faha  contain  less  lime  than  do  green  leaves. 
His  analysis  showed  that  there  were  contained  in  1,000  parts  of  greeni 
leaves  13.3  parts  of  lime,  but  in  1,000  parts  of  etiolated  leaves  only 
2.6  parts  of  lime.  The  former  yielded  10.3  per  cent  of  ash,  the  latter 
7.54  per  cent.  Stoklasa  found  in  diseased  leaves  of  the  sugar  Ijcet  le^s 
than  half  the  amount  of  lime  present  in  healthy  leaves  of  this  plant. 

«Ann.  Chem.  Pharm.,  Vol.  CXXI. 

^  Centralbl.  f.  Agr.  Chem.,  Vol.  XVII,  p.  622.  Prianishnikow  observed  that  shoots 
develop  (|uicker  in  a  solution  of  gypsum  than  in  distilled  water,  which  fully  accords 
with  the  writer's  observations.  Seedlings  of  PhaseoluSf  Pmirriy  and  Cucurbita  kept 
in  distilled  water  die  before  all  the  reserve  material  is  consumed.  An  addition  of 
a  calcium  salt  to  the  distilled  water  leadn,  however,  to  the  perfect  exhaustion  of  the 
reserve  stores  (Boehni,  Liebenberg). 

cBer.  d.  Deut.  Bot.  Ges.,  1891,  p.  230. 

tf  Ber.  d.  Deut.  Bot.  Ges.,  Vol.  X,  p.  179. 
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Church's  investigations'*  with  albino  leaves  demonstrated  that  the 
composition  of  their  ash  is  very  different  from  the  ash  of  healthy 
leaves,  as  the  potassa  is  considerably  increased  in  the  white  leaves, 
while  on  the  contrary  the  lime  is  more  abundant  in  the  green  leaves. 
It  is  to  be  regretted,  however,  that  the  author  did  not  determine  sepa- 
rately the  amount  of  lime  present  as  oxalate  and  carbonate  and  that 
portion  of  the  lime  >>elonging  to  the  organized  matter  itself,  calculat- 
ing the  results  for  equal  surfaces  in  both  cases.  It  is  also  very  char- 
acteristic that  the  lime  content  of  the  phanerogamic  parasite  Cuscuta, 
which  forms  no  chloroplasts  in  the  full-grown  state,  amounts  to  only 
2  per  cent  in  the  ash,  while  the  clover,  its  host,  is  very  rich  in  lime. 

Another  interesting  case,  showing  a  decrease  in  lime  content  in  dis- 
eased leaves,  was  observed  by  Dr.  Erwin  F.  Smith  in  his  studies  of 
peach  yellows.  He  gives  the  percentage  of  lime  in  the  ash  of  the 
healthy  leaves,  according  to  analyses  made  by  Mr.  M.  E,  Knorr,  as 
40.58,  and  in  the  diseased  leaves  as  onl}'  23.88.*  According  to  a  later 
analysis,  made  by  Dr.  Eastwood  at  Dr.  Smith's  request,  the  ash  content 
of  healthy  twigs  of  one  season's  growth  is  given  as  2.10  to  2.58  per  cent 
and  that  of  diseased  twigs  as  only  1.6  per  cent,  and  of  healthy  twigs 
from  another  orchard  as  1.4  per  cent  and  of  diseased  twigs  as  only  1  per 
cent.*^  In  these  cases  the  amount  of  lime  was  also  less  in  the  disea.sed 
leaves,  while  potash,  magnesia,  and  in  most  cases  phosphoric  acid 
also  were  relatively  increased,  as  will  be  seen  from  the  following  table: 

Analyliodl  ilnta  from  dl»e(i»€d  and  healthy  treea  frmn  f()nr  orchards. 

[Per  cents  in  the  ash.] 


C>>nj<tltiient. 


Calcium  ox  id  — 
Magnesiam  ox  id. 
PotaaBinm  oxid . , 
Phosphoric  acid  . 


Orehard  A,  at 
Magnolia,  Del. 


On:hard  B.  at 
Dover,  Del. 


««»»^hy.,  ^,^  .Healthy.  I  ^^_ 


40.68 
4.81 

15.52 
7.55 


28.88 

5.97 

31.86 

13.79 


61.21 

5.62 

15.02 

10.63 


47.61 

7.65 

20.19 

12. 63 


Orchard  C,  at 
Magnolia,  Del. 


Orehard  D,  at  Si  ill 
I'ond.  Md. 


"^'*»^'^>\  J^. 


48.85 

3.21 

28. 26 

10.45 


13. 68 
4.31 

32.51 
9.29 


Healthy. 

40.54 

2.85 

30.18 

12.00 


Dis- 
east^d. 


:m.  75 
10.2:^ 
30. 76 
16.86 


The  observations  which  Honda  and  the  writer'' made  with  young 
pine  trees  transplanted  to  pure  quartz  sand  moistened  with  culture 
solutions  free  from  lime  have  shown  that  the  new  leaves  reached  only 
half  their  normal  size,  and  that  the  young  trees  gradually  perished. 

«Jour.  Chem.  S<x\,  1878  and  1886.  The  investigations  were  made  with  Qaercus 
rubra  iKjaring  some  albino  branches,  and  also  with  albino  leaves  of  PIrctoyyne  rane- 
gata  and  of  Hedera  helix. 

ftplrwin  F.  Smith,  Bull.  No.  4,  Division  of  Botany,  U.  S.  Dept.  of  Agriculture. 

c  Erwin  F.  Smith,  Bull.  No.  4,  Division  of  Vegetable  Physiology  and  Pathology, 
U.  S.  Dei)t.  of  Agriculture. 

dBull.  Coll.  of  Agr.,  Tokyo,  Vol.  II,  No.  6. 
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Bokomy  *  has  cultivated  9XgfSi\Spirogyra^  Zygnema^  and  Metacarpus) 
in  culture  solutions,  in  one  of  which  there  was  no  lime,  in  another  no 
magnesia,  and  in  a  third  neither  lime  nor  magnesia.  These  culture  solu- 
tions were  kept  in  aluminum  vessels  to  avoid  any  trace  of  substaneee 
derived  from  glass.  In  the  complete  solution  a  normal  formation  in 
every  respect  was  noticed.  In  the  solution  in  which  lime  was  absent 
the  first  phenomenon  to  occur  was  a  decrease  of  the  chloroplast,  the 
chlorophyll  band  of  Spirogyra  diminishing  not  only  in  breadth  and 
thickness,  but  also  in  length,  and  the  original  spiral  finally  becoming- 
a  straight  line  parallel  to  the  longer  axis.  Some  starch,  however,  was 
still  produced,  which  proves  that  it  is  not  the  lack  of  organic  matter 
and  of  potash  which  here  brings  on  this  shrinkage,  and  that  the 
result  can  be  attributed  onl^^  to  the  absence  of  lime.  In  the  solutions 
in  which  magnesia  and  lime  magnesia  alone  were  absent  the  volume  of 
the  nucleus  decreased  considerably,  as  well  as  that  of  the  chlorophyll 
bodies.  The  writer  has  repeatedly  observed  that  Spirogyra  majusciiia 
collected  from  swamps  containing  only  traces  of  lime  had  very  slender 
chlorophyll  bands  and  scarcely  any  starch,  but  that  they  contained 
much  stored-up  albumin.  When  placed  in  culture  solutions  containing- 
a  moderate  amount  of  lime  salts  the  Imnds  soon  became  broader. 

Rudolph  Weber*  instituted  a  series  of  experiments  with  cultures  of 
peas  under  glass  of  diflPerent  colors,  and  compared  these  plants  with 
plants  grown  in  very  faint  light  and  with  normal  control  plants.  The 
plants  were  grown  in  purified  quartz  sand  and  watered  with  culture 
solutions  in  equal  quantities.  The  culture  was  terminated  after  forty- 
four  days,  because  the  plants  under  violet  and  green  glass  began  at 
that  time  to  show  signs  of  approaching  death.  The  anah  ses  of  the 
ash  gave  some  interesting  results,  especially  as  regards  the  lime  con- 
tent, and  are  as  follows: 

Comparative  amonnlH  of  magnesia^  lime,  and  jyotash  per  IhouHami  imrts  of  dry  matter  of 
normal  and  etiolated  plants  and  plants  groini  tinder  different  colored  glass. 


Condition  of  plant. 


Magnesia. 


Lime. 


Normal 

Etiolated 

Under  green  glass . 
Under  violet  glass . , 

Under  red  gla.«w 

Under  blue  gliL««  ... 
Under  yellow  glass. 


Per  cent. 

Per  cent. 

10.2 

32.1 

6.7 

12.4 

8.3 

18.2 

8.5 

20.2 

9.5 

24.8 

8.8 

SO.  2 

9.5 

30.3 

Potassa. 

lYr  rent, 
48.5 
44.9 
50. 5 
45.6 
56.5 
61.1 
53.2 


«  Bot.  Centralbl.,  1895,  No.  14.     The  complete  Holution  contained — 

Per  cent. 

Potassium  nitrate 0. 04 

Potassium  sulphate 03 

Monopotassium  phosphate 03 

Calcium  nitrate 03 

Magnesium  sulphate 03 

bLandw.  Vers.  Stat.,  1875,  Vol.  XVIII,  p.  19. 
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The  amount  of  phosphoric  acid  varied  only  from  16. 7  to  20. 5  per  cent. 
The  etiolated  plants  and  those  under  green  glass  contained  the  smallest 
amount  of  lime,  the  beneficial  rays  having  been  cut  off  by  the  glass 
in  the  latter  case. 

VIEWS   ON   THE   FUNCTIONS  OF  LIME   SALTS. 

Boehm**  observed  irregularities  in  the  transportation  of  starch  when 
lime  salts  were  absent  in  the  culture  solutions.  The  plants  {PhttHatJui^ 
multijloms)  recovered ^  on  the  addition  of  calcium  salts,  while  on  the 
other  hand  the  addition  of  magnesium  salts  hastened  their  death.  The 
irrecfularitv  of  behavior  in  the  absence  of  lime  consisted  in  the  accumu- 
iation  of  starch  in  the  pith  and  bark  of  the  lower  part  of  the  stem.  The 
death  of  the  alBFected  plants  commenced  generally  in  the  upper  parts  of 
the  stems  and  gradually  spread  to  the  lower  parts.  Boehm  further- 
attributed  to  the  lime  a  function  in  the  formation  of  the  cell  wall.  He 
says:  "In  order  to  form  the  cell  wall  from  starch  and  sugar,  lime  is 
just  as  important  as  for  the  formation  of  the  bone.  The  lime  forms  the 
skeleton  of  the  cell  wall."  One  aulhor/  however,  claims  that  Boehm's 
inferences  are  not  justified,  as  he  had  studied  only  one  case.  Some 
authors  have  even  gone  so  far  as  to  assert  that  lime  salts  are  by  no 
means  required  for  everv  part  of  a  plant,  and  one  author  concluded  that 
leaves  of  Tradeacantia  may  be  raised  without  lime,  another  that  the 
young  wood  is  free  of  lime,  and  a  third  that  Fuouh  may  be  found  with- 
out a  trace  of  lime.  ^  These  statements,  however,  were  based  princi- 
pally on  microscopical  tests  and  could  not  be  upheld.  Some  new  leaves 
of  Trade^cantiit  ma}^  indeed  develop  completely  when  the  bninches  are 
kept  in  distilled  water,  since,  as  the  writer  has  observed,  the  nodes  con- 
tain a  considerable  amount  of  stored-up  lime.  As  to  the  asseition  in 
regard  to  young  wood,  Weber's  analyses^  have  revealed  a  consid(»nible 
amount  of  lime  in  its  ash.  For  example,  1  cubic  meter  (Festnieter)  of 
the  wood  of  Larix  was  found  to  contain  700  grams  of  lime,  of  which 
112.4  grams  l>elonged  to  the  young  wood.  The  young  wood  of  Fiujuh 
contained  about  29  per  cent  of  lime  in  the  lush.  As  regards  the  Fhcuh 
referred  to  above,  it  was  only  its  cell  sap  that  proved  to  be  free  from 
lime,  while  an  examination  of  the  organized  parts  revealed  lime  in  tliem. 

«Ber.  Akad.  d.  Wiss.,  Wien,  1875. 

^The  addition  of  calcium  chlorid,  however,  did  not  prevent  death,  probably  owing 
to  the  liberation  of  hydrochloric  acid  when  the  attempt  is  made  by  the  plant  to 
a^eimilate  the  lime  from  thie  salt. 

«L.iebenberg,  Ber.  Akad.  d.  Wiss.,  Wien,  1881.  Cf.  also  Deherain  and  Denioussy, 
Compt  Bend.,  1901,  vol.  132,  p.  523. 

rfBoehm*8  hypothesis  was  entirely  misconstrued  by  one  author,  who  believed  he 
bad  refuted  it  by  showing  that  the  migrating  sugar  is  not  bound  to  lime — a  fac^t  that 
might  have  been  foreseen,  as  such  a  compound  would  be  decomj)osed  quickly  by  car- 
bonic acid. 

'Foretlich.  Naturw.  Zeitschr.,  1892,  p.  6,  and  1893,  p.  215. 
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Thus  far  the   only  plants  which  have  been  proved  positively 
develop  without  lime  salts  are  lower  forms  of  algse  and  fungi. 

Like  Boehm,  Schimper  observed  an  abnormal  accumulation  of  stai 
where  there  was  a  deficiency  of  lime,  but  he  declares  this  to  be  a  mc 
secondary  pathological  phenomenon,  and  pointed  out  that  even  lea^ 
which  are  packed  with  starch  may  die.  This,  however,  can  not 
regarded  as  a  refutation  of  Boehm's  views.  In  order  to  render  star 
available  for  respiration  it  nmst  be  saccharified.  In  Schimper's  ca« 
failure  to  produce  diastase  might  adequately  account  for  the  re.su 
Other  discrepancies  l)etween  the  observations  of  several  authors  lu 
have  their  origin  in  the  different  lime  cx)ntent  of  the  seeds  used  f 
the  exp<»inment. 

Kaumer*'  agrees  with  Boehm  in  ascribing  to  the  lime  the  function 
aiding  in  the  growth  and  solidification  of  the  cell  walls  but  he  does  o 
agree  with  his  other  views.  However,  his  reason  for  believing  that  lin 
has  nothing  to  do  with  the  transportation  of  starch  is  not  convincin 
Certainly,  the  mere  chemical  process  of  forming  starch  from  sug 
does  not  require  lime,  but  the  formation  of  leucoplasts  and  chlor 
plasts — the  indispensiblo  apparatus  for  starch  formation — nu 
require  it. 

Holzncr's  view*  that  lime  salts  aid  in  the  assimilation  of  sulphur 
and  phosphoric  acids  is  very  improbable,  since  his  hypothesis  wou 
require  the  formation  of  oxalic  acid  in  every  protein  producing  cell- 
condition  whidi  is  not  realized,  and,  moreover,  the  assimilation  of  the 
acids  also  takes  place  in  fungi  in  the  absence  of  every  trace  of  lime  salt 
Finally,  nornl>erger*'  and  others  have  objected  to  this  view  as  w 
agreeing  with  their  observations. 

The  fimctions  of  lime  salts  are  believed  by  Schimper  and  others  i 
consist  in  merely  effecting  certain  processes  of  metabolism.  Schimpei 
found  that  in  the  absence  of  lime  tlie  acid  potassium  oxalate  accumi 
lates  in  the  leaves  and  buds  and  acts  as  a  poison,  hence  calcium  sail 
are  useful,  inasnmch  as  they  pretripitate  the  oxalic  acid  and  thus  pn 
vent  its  noxious  action.  P.  Oroom''  suggested  that  the  injurioi 
action  of  the  acid  potassium' oxalate  consists  in  retarding  the  action  c 
diastase  on  starch,  and  thus  its  presence  in  the  assimilating  tissP 
brings  about  an  acciunulation  of  starch,  due  to  the  arrest  of  its  tranf 
formation  into  sugar;  then,  as  the  soluble  oxalate  accumulates,  thei 
is  also  a  retardation  in  the  formation  of  starch,  and  this  finally  lead 
to  the  d(»ath  of  the  protoplasm.  Groom's  theory,  however,  does  no 
explain  why  cah  lum  is  required  also  by  plants  that  do  not  form  oxali 
acid,  hence  the  bad  effects  caused  by  a  deficiency  of  lime  must  b 
explained  in  some  oth(»r  way.     Although  J^qui-Hetaceie  and  most  fern 

«Landw.  Vers.  Stat,  18S:^,  Vol.  XXIX,  j».  271.        ''Flora,  1890,  p.  209. 

ft  Flora,  1H(>7,  p.  497.  'Bet.  Centralbl.,  1896,  No.  33 

<^Landw.  Jahrb.,  1882,  Vol.  XI,  p.  455. 
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Ind  grasses,  and  even  some  npecies  of  the  Sola7mce<e  and  Lillaeex^  are 
free  from  calcium  oxalate,  they  all  nevertheless  require  lime. 
I  Neither  Schimper  nor  Groom  have  raised  the  question  as  to  why 
iBcalates,  even  if  neutral,  exert  a  poisonous  action  on  chlorophyll- 
bearing  plants,  while  to  the  writer  this  question  appeared  to  be  the 
inost  important  in  this  conne<^tion. 

\  The  greater  lime  content  of  the  green  parts  first  led  the  writer  to 
Kappose  that  the  chlorophyll  bodies  might  contain  calcium  compounds, 
ind  on  the  ba^is  of  this  hypothesis  he  inaugurated  a  series  of  investi- 
gations. Among  other  things,  these  showed  that  the  neuti-al  oxalates 
fcre  not  ix)isonous  to  the  lower  fungi  and  that  the  development  of  these 
is  not  at  all  retarded  by  adding  considerable  quantities  of  neutral 
potassium  oxalate  to  the  culture  solutions.  Beer  yeast  is  not  injured 
fcy  adding  even  as  nuich  as  4  per  cent  of  this  salt  to  a  fennenting  mix- 
taiT!.  As  in  such  cases  the  lime  would  become  insoluble  and  it^  assim- 
Pation  would  thus  be  frustrated,  the  writer  has  come  to  the  conc^lusion 
Ifaat  these  organisms  do  not  require  lime.''  It  is  otherwise  in  the  case 
irf  the  higher  algse,  however.  As  the  chlorophyll  bodies  of  Spirogyra 
^ssess  a  highly  differentiated  structure,  and  even  slight  evil  effects 
readily  manifest  themselv^es  in  ceilain  changes  along  their  margin,  in 
the  retraction  of  the  lobes,  etc.,  vacuolation  of  the  chloroplasts,  this 
alga  wa.s  selected  for  the  test.  When  Splrrfgyra  inajuHcuJa  was  put  into 
a  2  per  cent  solution  of  neutral  potassium  oxalate,  a  very  striking  fact 
iwas  brought  out,  many  of  the  chlorophyll  bands  ])eing  injured  in  even 
■8  short  a  time  as  thirty  to  forty  minutes,  while  in  even  less  time  the 
nucleus  showed  a  remarkable  conti-action,  dwindling  to  a  mere  thread 
and  thus  causing  a  constriction  of  the  cytoplasm  where  the  plasma 
tetrings  were  attached.  Moreover,  filaments  of  Splrogyra  which  had 
been  exposed  for  ten  minutes  to  the  action  of  this  oxalate  solution  and 
had  still  preserved  their  full  turgor,  were  incapable  of  repairing  the 
injury  done  even  after  being  replaced  in  well  water  rich  in  lime,  and 
the V  died  after  twentv-f our  hours.  Even  five  minutes'  action  ultimatel  y 
caused  death.  In  a  weaker  solution  (0.5  per  cent)  of  oxalate  the 
nucleus  does  not  shrink  to  a  threjid,  but  slowly  swells  up  and  finally 
becomes  an  irregular,  scalloped  figure.  In  a  still  higher  dilution  (0.1 
per  cent)  the  poisonous  action  proceeds  so  slowly  that  it  requires  a 
number  of  days  to  completel}^  kill  all  the  cells. 

In  other  species  of  algaj,  such  as  Vaucheria^  Mougeotia^  Zygneiim^ 
Comnarlnm^  (Ed-ogonium^  Ckladoplvom^  Spheeroplea^  etc.,  death,  accom- 
panied by  swelling  of  the  chlorophyll  bodies,  occurred  after  twenty- 
four  hours'  action  of  a  solution  of  0.5  per  cent.  Diatoms  died  in  this 
solution  in  fifteen  hours,  but  in  a  solution  of  0.05  per  cent  some 
diatoms  were  still  alive  after  three  da3^s.     In  higher  dilutions  the  poi- 

«  Erroneous  representations  and  unjust  remarks  in  regard  to  this  point  have  been 
refuted  by  the  writer  in  Bot  Centralbl.,  1898,  Vol.  LXXIV. 
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sonou8  properties  decrease  rapidly.^  Phanerogams  also  are  easily 
attacked  by  oxalates.  When  placed  in  a  2  per  cent  solution  of  neutral 
potassium  oxalate,  the  nucleus  of  an  onion  shows  a  contraction  of 
about  one-fifth  of  its  normal  diameter  within  ten  to  fifteen  minutes. 
Leaves  of  Elodea  €anaden4iln  and  Yalllmu'ria  ifjnrdHs  were  killed  com- 
pletely in  thirty -six  hours*  in  a  1  per  cent  solution.  The  cbhtrol 
experiments  with  potassium  tartrate  or  sulphate,  failed  in  all  cases  to 
show  similar  action.  The  claim,  therefore,  that  lime  salts  are  neces- 
sary to  precipitate  tartaric  acid  in  plants  that  conbiin  tartrati\s  instead 
of  oxalates  has  no  support,  since  neutral  tartrates  are  not  poisonous, 
as  are  neutml  oxalates. 

The  cytoplasm  succumbs  last,  and  its  death  is  probably  a  secondar3' 
effect,   due  to  the  death  of   the  nucleus  and  the  chloroph3'll   body. 
Indeed,  it  can  be  easily  seen  that  the  cytoplasm  dies*  sooner  when  the 
number  of  chlorophyll  bodies  contained  in  it  is  increased.     It  is  on 
this  account  that  the  circulation  of  the  cytoplasm  lasts  much  longer  in 
the  root  hairs  of  C/urra  when  under  the  influence  of  a  dilute  solution 
(0,6  per  cent)  of  potassium  oxalate  than  it  does  in  the  cells  of  the 
internodes  filled  with  chlorophyll  bodies.     An  equally  dilute  solution 
of  neutral  potassium  tartrate  shows  no  injurious  action  in  the  same 
length  of  time.     The  writer's  explanation  of  the  poisonous  action  is 
as  follows:  Judging  from  the  most  characteristic  properties  of  soluble 
oxalates,  that  of  precipitating  lime  from  even  highly  diluted  solutions 
of  lime  salts  and  that  of  depriving  lime  compoimds  generally  of  their 
lime,  converting  it  into  the  insoluble  oxalate,  he  inferred  from  the 
peculiar  poisonous  action  t/te  e,riMt^}ct'  of  caMuw -protein  compmindi 
in  the  or(j(t)iize(1  particles  from  which  the  nrwleitx  and  th^'  chiorojyhyU 
bodies  are  hailt  up.     Such  organized  calcium  compounds  would  have 
a  well-defined    capacity    for  imbibition,    which   would   change  with 
the  replacement  of  the  calcium  by  another  element,  and  this  altered 
water  content   nuist   lead  to  a  disturbance  in  the  structure,  which 
must  prove  fatal  if  not  remedied  in  its  initial  stages.     A  peculiarity 
of  protoplasm  is   that  alteration   of   the  structure  is  soon  followed 
by  the  chemical  change  from  the  active  state  of  its  proteids  to  the 
passive.     Now,  when  potassium  oxalate  acts  on  the  inferred  calcium- 
protein   compounds   they   jueld  in    addition  to  calcium  oxalate  the 
corresponding  potassium-protein   compounds,  which,  on  account  of 
the  different  capacity  for  imbibition,  can  not  ph^'siologically  replace 
the    calcium    compound.     Moreover,    neither   tartrate   nor   sulphate 
(which  act  much  less  energetically  than  the  oxalate  on  calcium  com- 
pounds^) attacks  the  nucleus  or  the  chlorophyll  bodies.     This  also 


«  This,  however,  is  not  the  case  with  free  oxalic  wnd. 

'^  There  are  some  remarkable  cases  in  which  monopotassium  oxalate  exists  in  the 
cell  sap  and  still  pro<luces  no  injury,  as,  for  instance,  in  Rumex  and  Oxalk.  In  these 
castas  it  is  nei-essary  to  assume  an  uniL(*ual  density  of  the  tonoplasts — that  is,  a  density 
sufficient  to  protect  the  nucleus  and  protoplasm. 

<^ Calcium  tartrate  dissolves  in  about  2,000  parta  of  water. 
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shows  plainly  that  it  is  impossible  to  acc^ept  the  viow  that  potassium 
oxalate  becomes  dissociated  in  the  cells  and  that  it  is  the  free  oxalic 
arid  which^  on  account  of  its  acidity,  kills  the  nucleus*  since  potassium 
ntnite  would  be  expec'ted  to  act  in  just  the  same  way." 
-  It  will  of  course  l)e  difficult  to  prove  microchemically  the  formation 
of  d&Icium  oxalate  in  the  chlorophyll  body  or  nucleiLs  when  potassium 
oxalate  is  left  to  a<*t  upon  them,  since  the  amount  of  calcium  in  them 
Ls  naturally  very  small,  judging  from  the  great  moUvulur  weight  of 
the  organized  prott*ids  with  which  it  would  1x5  combined.  Moreover, 
the  formation  of  distinct  crystals  of  calcium  oxalate  would  be  impeded 
by  the  peculiar  consistency  of  the  living  structures.  It  was  claimed 
that  in  view  of  the  highly  complicated  conditions  in  the  cells  the 
a88umption  of  a  direct  connection  l)etween  a  working  cause  and  an 
ob«er\ed  pathological  result  could  not  be  admitted,  as  the  latter  might 
be  simply  the  elBFect  of  primarily  produced  '^  disturbances  of  nutri- 
tion.'" However,  this  claim  can  not  be  sustained  in  the  case  of  the 
action  of  neutral  oxalates  ujwn  the  nuclei,  for  in  the  first  j)lace  this 
proceeds  very  rapidly  in  com^ntmtions  of  over  1  \yeT  cent,  and  in  the 
secx>nd  place  the  processes  of  metabolism  in  objects  like  SjylrfHjtjra 
proceed  very  slowly. 

Further  observations  by  Migula*  deserve  to  >)e  mentioned  here,  as 
they  demonstrate  that  free  oxalic  acid  is  among  the  most  |x>isonous  of 
organic  acids.  For  example,  in  a  solution  of  ().(H)4  per  cent  of  free 
oxalic  acid  the  nucleus  of  jSj>iro(/i/?n  orbicular lt<  was  observed  to  swell 
up,  frequently  to  six  times  its  normal  volume,  and  become  turbid  and 
opaque^  while  the  cytoplasm  still  remained  alive  for  some  time.  In 
stronger  solutions  the  cells  die  too  quickly  to  show  such  chiinicter- 
istic  symptoms,  their  death  in  this  case  being  duo  chiefly  to  mere 
acidity. 

When  some  filaments  of  ^pinxjyra  majimcuJa  were  placed  in  500  cc.  of 
asolution  of  free  oxalic  acid*^  in  even  as  high  dilution  as  O.OOOl  per  cent, 
the  writer  observed  great  injury  to  some  of  the  threads  after  five  days. 
In  most  of  the  cells  the  plasma  strings  were  retracted,  the  nucleus  was 
contracted  and  rolled  to  the  cell  wall,  and  the  sinuate  margins  of  the 
chlorophyll  l>ands  were  swollen  up  and  numerous  little  drops  ])ecame 

''When  acting  on  Sjnrogyra  the  potasHium  oxalate  seems  to  pa.*<8  direct  to  the 
nucleus  through  the  plasma  strings  and  not  through  the  tonoplai^t,  but,  on  the  other 
hand,  when  potassium  oxalate  is  contained  in  the  cell  sap  of  certain  plants  it  seems 
to  be  confined  there  by  the  density  of  the  tonoplast,  which  also  prevents  its  direct 
contact  with  the  nucleus  in  this  cane.  In  this  connection  Migula  observiMi  some 
interesting  facts  with  Spirogyra  kept  in  well  water  to  which  very  small  ({uantities 
of  or)]:anic  acids  ha<i  l)een  adde<l.  These  were  gra<hially  oxich'zed  in  the  cells  into 
oxalic  acid  of  which  some  was  retained  as  neutral  oxalate  in  the  cell  sap,  and  yielde<i 
«  precipitate  of  calcium  oxalate  when  place<i  in  a  diluted  H<^>lution  of  lime  salts. 

'^The  Influence  of  Dilute  Acids  on  Algie,  Breslau,  1888. 

''Purest  water  distilled  from  glass  vessels  was  used  for  all  experiments  with 
Sptro^yra. 
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visible  in  them.*  A  very  striking  feature  was  the  long-continued 
persistence  of  turgor  under  these  conditions,  this  being  due  to  the 
cytoplasm  remaining  alive  for  a  considerable  time.  In  equally  diluted 
solutions  of  tartaric  acid  most  of  the  cells  were  perfectly  normal  after 
nine  days,  which  shows  that  the  character  of  acidity  at  this  high  dilu- 
tion exerted  merely  a  secondary  influence  and  that  this  alone  can  not 
account  for  the  action  of  the  highly  diluted  oxalic  acid. 

FORMATION    OF   LIME   INCRUSTATIONS. 

It  may  not  be  out  of  place  here  to  say  a  few  words  about  the  forma- 
tion of  incrustations  of  calcium  carl)onate  on  certain  aquatic  plants, 
especially  Gliara — a  phenomenon  which  Pringsheim  ^  tries  to  explain  on 
the  hypothesis  that  by  assimilation  of  the  dissolved  carbonic  acid  the 
neutral  calcium  carbonate  is  produced  from  the  bicarbonate.  However, 
the  fact  that  not  every  plant  growing  in  the  same  water  and  near 
Chara  shows  the  incrustation  must  lead  to  the  assumption  that  either 
the  assimilation  is  of  much  greater  energy  in  Chara  than  in  many  other 
plants,  or  that  the  surface  of  this  plant  is  especially  adapted  for  the 
absorption  of  the  neutral  calcium  carbonate. 

Ilassack*'  advanced  another  hypothesis,  that  is,  that  the  plants 
secrete  an  alkaline  carbonate,  which  decomposes  the  calcium  bicarbon- 
ate. This  view,  however,  the  writer  has  proved  to  be  entireh'  erix)- 
neous.'^  The  reaction  with  phenol -phthalein,  which  Hassack  used, 
is  not  due  to  an  alkaline  car])onate,  but  to  neutral  calcium  carl>onate 
in  a  colloidal  condition.  Even  the  warminof  of  ordinarv  wattM*  rich  in 
calcium  carbonate  will  produce  ephemerally  a  red  color  with  phenol- 
phthaloin. '' 

CAN    CALCIUM    IN    PLANT   CELLS   BE    REPLACED    BY    STRONTIUM? 

It  has  long  })een  recognized  that  calcium  salts  can  not  be  replaced 
b}^  potassium  or  sodium  salts.  AVere  it  a  well-founded  hypothesis  that 
calcium  salts  serve  only  for  certain  phases  of  metabolism  and  are  not 
connected  with  more  important  properties  of  the  protoplasm  itself, 
then  there  might  be  taken  a  plain  chemical  view  of  the  matter,  that  is, 
that  the  action  of  the  bivalent  elements  is  often  diflPerent  from  that  of 
the  monovalent  elements.  Thus,  for  example,  dextrose  yields  saf*- 
charin-^  when  treated  with  lime,  but  not  when  treated  with  potash 

« Considerable  swelling?  of  the  nucleus  tyook  place  in  a  solution  of  0.01  per  cent 
oxalic  a<*i(l. 

feJahrb.  f.  Wiss.  Bot,  Vol.  XIX,  p.  138. 

<^Unterg.  ausd.  Bot.  Instit,  Tubingen,  Vol.  II,  pp.  469-475. 

rf  Flora,  1893,  No.  4. 

'^  Possibly  the  alga  produces  acids  which  form  insoluble  compounds  with  lime^  and 
hence  the  absorbed  lime  accumulates.  By  gradual  oxidation  of  such  salts  calcium 
carl)onate  is  prrxluced  ami  is  then  excreted. 

/This  product  is  not  the  sweet  sai!charin  of  commerce. 
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(Kiliani);  calcium  carbamate  yields  calcium  cyanamide  upon  heating, 
while  potassium  carbamate  3'ields  potassium  cyanate  (Drechsel);  ba- 
rium dibromsuccinate  3'ields  monobrommaleic  acid  on  boiling  of  the 
aqueous  solution,  while  the  sodium  salt  yields  monobrommalic  acid. 

It  is  certainly  not  the  bivalent  character  of  calcium,  however,  that 
determines  its  physiological  value,  for  in  that  case  barium  or  stron- 
tium might  fulfill  the  same  oflSce,  which  is  impossible.  The  inability 
of  barium  to  do  this  might  be  explained  by  the  most  characteristic 
property  of  soluble  barium  salts,  which  is  to  precipitate  sulphuric 
acid  from  even  high  dilution  of  sulphates,  hence  in  plants  the  assimi- 
lation of  sulphur  from  sulphates  would  become  an  impossibility. 
However,  it  would  still  be  difficult  to  explain  why  barium  salts  are 
poisonous  for  animals,  and  also  why  strontium  salts  can  not  replace 
calcium  salts  in  either  plants  or  animals." 

The  more  intimate  the  connection  between  the  functions  of  the  lime 
and  the  vital  properties  of  the  cells,  the  more  difficulty  will  naturally 
be  encountered  in  an  endeavor  to  substitute  strontium  for  calcium, 
and  experiments  made  in  this  connection  argue  against  the  possil)iIity 
of  the  substitution.  The  writer  made  some  experiments  with  an  alga 
{^pirrfgyra)  in  1892  which  demonstrated  that  although  this  alga  (ran 
remain  healthy  for  several  weeks  at  the  ordinary  temperature  in  a 
culture  solution  containing  strontiuu)  nitrate  in  place  of  calcium 
nitrate,  its  further  growth  is  nevertheless  imixnled,  and,  moreover, 
that  there  is  soon  a  noxious  influence  at  a  higher  temperature  (28^  C). 
Thus,  for  example,  many  cells  died  when  kept  at  28"^  C.  in  a  solution 
of  0.3  per  cent  strontium  nitrate,  but  this  was  not  the  case  in  a  0.3 
percent  solution  of  calcium  nitrate.  This  conclusion  has  been  essen- 
tialh'  confirmed  b}'  Molisch,  who  observed  the  interesting  fact  that 
in  the  process  of  cell  division  the  cell  plate  is  not  properly  formed 
when  strontium  salts  are  present  in  place  of  calcium  salts.  This 
occurs  even  when  a  small  amount  of  a  calcium  salt  is  present,  in 
which  ease  the  injurious  effects  of  the  strontium  salt  are  not  entirely 
prevented.  The  cell  plate  is  the  result  of  the  work  of  the  nuclear 
spindle,  and  the  supposition  that  the  cause  of  this  defective  work  is 
attributable  to  a  diseased  condition  of  the  nucleus  seems  justifiable. 
If  the  lime  were  not  concerned  in  the  most  intimate  working  of  the 
nucleus  the  phenemenon  in  question  would  hardly  be  intelligible. 

Similar  experiments  with  beans  and  maize  were  inaugurated  later 
on  b}'  Haselhoff,*  but  he  offered  calcium  and  strontium  salts  together 
in  the  beginning  and  graduall}^  diminished  the  lime  in  the  culture 
•wlution.  The  plants,  however,  very  probably  made  use  of  the  occa- 
sion to  store  up  a  certain  amount  of  lime,  which  they  may  have  used 

**  Only  certain  enzyme  actions  form  exceptions,  as  Bertrand  has  shown  for  pectase; 
here  also  barium  or  strontium  salts  cause  a  precipitate. 
*Landw.  Jahrb.,  Vol.  XXII,  p.  853. 
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in  the  later  period,  and  hence  his  conclu8ion  that  a  substitution  of 
calcium  for  strontium  salts  is  possible  can  not  be  admitted. 

The  writer  made  an  experiment  with  a  phanerogamous  plant  also. 
Branches  of  Trddesccmtia  from  12.5  to  12.8  cm.  long  were  placed  in 
solutions  of — 

Per  i-ent 

( 1 )  Calcium  nitrate 0. 2 

(2)  Strontium  nitrate 2 

(3)  Calcium  and  strontium  nitrate,  each 1 

At  a  temperature  of  10-15^  C.  a  decided  difference  was  noticed  after 
twelve  Awy^.     In  the  calcium  nitrate  solution  3'oung  rootlets  0.5  cm. 
in  length  had  appeared,  but  in  the  strontium  nitrate  solution  only 
minute  knobs  were  visible.     Gradually  a  difference  was  also  evident 
between  the  calcium  nitrate  and  the  calcium  and  strontium  nitrate 
solutions,  the  root  hairs  in  the  former  being  long  and  numerous,  while 
in  the  latter  thev  were  short  and  few.     Moreover,  when  the  strontium 
nitrate  gradually  attained  an  excess  over  the  calcium  salts  stored  up  in 
the  branches,  the  noxious  effect  became  evident,  they  having  attained 
a  length  after  forty-two  days  of  only  13  and  13.3  cm.,  with  only  two 
or  three  loaves  on  each  branch,  while  those  in  the  solution  of  calcium 
nitrate  attained  a  length  of  16,  17.2,  and  18  cm.,  with  six  to  seven 
loaves  on  each  bi-anch.     The  leaves  of  the  former  branches  were  par- 
tially dying,  but  those  of  the  latter  were  still  healthy.     A  control  case 
with  distilled  water  demonstrated  beyond  a  doubt  that  in  the  case  of 
the  strontium   nitrate  solution   the  phenomena  mentioned  were  not 
merely  due  to  the  absence  of  the  lime,  but  to  a  direct  noxious  action 
of  the  strontium  salts.     The  numerous  root  hairs  which  developed  in 
the   distilled  water   further  justified   the  conclusion   that   lime  salts 
were  stored  up  in  the  st-oms.     Indeed,  the  writer  has  demonstrated  that 
besides  sulphates,  the  nodes  of  the  Trad&ica?)t!a  stems  have  stored  up 
in  them  nitrates,  potassium,  and  magnesium  and  calcium  salts.     ^Vn 
undeniable  analogy  appears  to  exist,  therefore,  between  the  noxious 
effect  of  the  strontium  salts  and  that  of  magnesium  salts,  both  begin- 
ning to  be  noxious  when  the  amount  of  lime  falls  below  a  certain  limit. 
A  series  of  very  instructive  experiments  were  carried  out  by  U. 
Suzuki^  with  five  phanerogamous  plants — Ilordeum^  Fagopyrimi  e^cu- 
hntiui}^  Phl(hv j^an Ictilata.  Jiubm  idddm^  and  Q/reopsi^  tinctor^a.     Some 
of  the  plants  wore  watered  with  a  normal  solution  containing  calcium 
in  the  form  of  calcium  nitrate,  and  others  with  solutions  in  which  the 
calcium  nitrate  wius  replaced  by  equivalent  quantities  of  strontium 
nitrate  and  of  ))arium  nitrate.     Only  the  plants  in  the  normal  solutions 
showed  a  strong  and  vigorous  development,  while  those  in  the  barium 
and  strontium  solutions  exhibited  gradually  an  injurious  action. 

"Bull.  (V)ll.  of  Agr.,  Tokyo,  1900,  Vol.  IV,  No.  1,  "Can  etrontium  and  barium 
replace  cAlriuni  in  phanerogams?" 
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The  action  of  the  Imriiim  solution  was  more  injurioiLs  than  that  of 
the  .strontium  solution.  Bi'anches  of  the  other  three  phanerogams 
mentioned  were  used;  here  those  in  the  barium  and  strontium  solution 
died  after  eight  days,  while  those  in  the  normal  solution  containing 
calcium  nitrate  remained  healthy  and  developed  new  leaves.  Control 
cases  in  distilled  w^ater  showed  also  that  the  injury  is  due  not  merely 
to  the  absence  of  lime,  but  directly  to  a  poisonous  influence  of  the 
barium  and  strontium  salts.  Further  tests  showed  that  these  poisonous 
actions  are  retarded  by  the  addition  of  lime  salts. 

Now,  if  calcium  salts  perform  and  sustain  processes  of  metabolism 
merely  it  might  be  inferred  that  such  processes  could  be  performed  as 
well  by  strontium  salts,  the  main  properties  of  the  salts  of  both  ele- 
ments being  to  a  certain  degree  alike.  Thus,  strontium  oxalate  dis- 
solves with  difliculty  in  water  (1:12,000),  as  does  also  the  sulphate. 
The  latter,  however,  l)eing  less  soluble  (1:6,895)  than  calcium  sulphate 
(1:488),  it  might  be  supposed  that  the  assimilation  of  sulphur  is  seri- 
ously lessened.  However,  considering  the  diluted  state  in  which  the 
phosphates  enter  and  how  well  they  are  assimilated  nevertheless,  it  is 
clear  that  the  lesser  degree  of  solubility  of  strontium  sulphate  would 
not  be  a  serious  obstacle  to  the  assimilation  of  sulphur.  It  may,  then, 
well  l)e  asked  what  kinds  of  processes  of  metabolism  in  plants  have  to  be 
assssumed  for  calcium  salts  which  it  would  be  impossible  for  strontium 
salts  to  perform.**  Thus  far  the  defenders  of  the  metal>olic  theory 
have  ^iven  no  satisfactory  explanation.  The  writer's  previously 
mentioned  theory-  on  the  function  of  lime  salts,  on  the  other  hand, 
Daake^s  it  perfecth^  clear  wh3^  strontium  salts  in  certain  doses  ])ecome 
hurtful  and  even  poisonous  for  all  organisms  except  the  lowest  forms 
of  alga3  and  fungi. 

l^ISONOUS    ACTION    OF   MAdNESIUM    SALTS. 

If  the  writer's  view  that  a  calciiun-proteincomiK)und  participates  in 
the  orgimized  parts  of  the  nucleus  and  chlorophyll  body  is  correct,  it 
might  be  expected  that  magnesium  salts  of  the  stronger  acids  would 
exert  a  noxious  action.  The  lime  as  the  stronger  base  would  in  such 
a  case  combine  with  the  acid  of  the  magnesium  salt,  while  magnesia 
would  enter  into  the  place  which  the  lime  had  occupied  in  the  organ- 
ijsed  structures,  the  capacity  for  imbibition  would  thereby  be  altered, 
and  a  disturbance  of  the  structure  would  result  which  would  prove 

**  Whether  a  gradual  adaptation  to  strontium  salta  could  ever  take  place,  or,  in 
other  words,  whether  in  the  course  of  many  generations  strontium-protein  com- 
pounds could  gradually  l:)e  utilized  like  the  corresponding  calcium  compounds,  is  an 
entirely  different  question.  However,  in  this  connection  only  the  simpler  kinds  of 
organisms  might  yield  satisfactory  results.  It  may  be  mentioned  that  0.1  percent 
*^ntium  nitrate  added  to  the  culture  water  does  not,  even  after  months,  injure 
diatoms,  Flagellata,  or  Infusoria  in  presence  of  sufficient  lime. 

26982— No.  45—03 i 
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fatal.  On  the  other  hand,  judging  from  the  laws  of  the  action  of 
masses,  it  would  naturally  be  inferred  that  an  excess  of  lime  salts 
would  remedy  the  evil  effects  by  making  the  reverse  process  possible. 
As  a  matter  of  fact,  a  detrimental  action  is  observed  when  plants  are 
treated  with  sulphate  or  nitrate  of  magnesium  in  the  absence  of  cal- 
cium salts,  an  effect  which  is  not  observed  when  the  same  plant^^  are 
exposed  to  the  exclusive  action  of  calcium,  sodium,  or  potassium  sul- 
phate or  nitrate.  These  phenomena  were  foreseen  by  the  writer  and 
may  l^e  readily  explained  by  his  theory,  while  the  holders  of  other 
views  have  not  come  forward  with  an  explanation. 

The  writer  observed  that  Splrogyra  died  within  four  to  five  days  in 
a  1  per  mille  solution  of  magnesium  sulphate,  but  remained  alive  for 
a  long  time  in  corresponding  solutions  of  sodium,  potassium,  or  cal- 
cium. In  a  1  per  cent  solution  of  magnesium  nitrate  smaller  kinds  of 
Spiroijyra  will  die  in  from  six  to  twelve  hours,  but  will  live  a  long 
time  in  corresponding  solutions  of  sodium,  potassium,  and  calcium 
nitrate.  Splrogy^ra  which  had  been  kept  for  several  weeks  in  a  healthy 
condition  in  a  solution  of  0. 1  per  mille  of  monopotassium  phosphate  in 
absolutely  pure  distilled  water  died  within  three  to  four  da5's  when 
2  per  mille  magnesium  sulphate  was  added  to  this  solution;  but  when 
dipotassium  phosphate  instead  of  the  monophosphate  was  used,  death 
set  in  much  later;  that  is,  after  fifteen  to  eighteen  days. 

Some  threads  of  Spirogijra  maju.scula  placed  in  a  solution  (1  liter) 
containing  0.02  per  mille  each  of  magnesium  nitrate  and  ammonium 
sulphate  died  in  from  ten  to  twelve  days,  while  in  the  control  solution, 
containing  calcium  nitrate  in  place  of  magnesium  nitrate,  they  were 
still  alive  after  six  weeks,  although  cell  division  had  stopped  completely 
and  the  cells  exhibited  an  emaciated  appearance  owing  to  the  absence 
of  other  mineral  nutrients.  In  still  another  case  threads  of  the  same 
alga  were  placed  in  a  solution  of  1  per  mille  of  magnesium  nitrate,  while 
in  the  control  case  3  per  mille  of  calcium  nitrate  was  added.®  In  the 
former  case  death  resulted  in  five  days,*  while  in  the  latter  the  cells 
were  still  alive  after  a  number  of  weeks.  Lime  salts,  therefore,  are 
the  antidote  against  the  poisonous  effects  of  magnesium  salts.^  Noth- 
ing ain  replace  them  successfully  in  this  case,  not  even  nourishment 
with  organic  matter.'^  Microscopical  examinations  of  Spirogyra  cells 
exposed  to  the  exclusive  action  of  magnesium  salts  show  that  the 
nucleus  is  attacked  first  and  then  the  chlorophyll  body  is  injured,  the 

'^  These  observations  the  writer  described  in  Flora,  1892,  and  also  in  Landw.  Vera. 
Stat,  of  the  same  year. 

*The  time  is  probably  prolonged  when  lime  salts  are  stored  up. 

^  An  addition  of  strontium  salts  may  delay  death  for  a  short  period,  but  it  can  not 
prevent  it,  as  do  calcium  salts. 

''It  may  be  racntioncii  that  Spirogyra  remains  alive  for  from  five  to  six  weeks  if 
koi^t  in  distilled  water.  Of  course  any  further  development  is  stopped,  but  assimila- 
tion and  respiration  soon  reach  a  suitable  equilibrium. 
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phenomena  closely  resembling  those  produced  by  potassium  oxalate; 
but  while  in  a  1  per  cent  solution  of  magnesium  sulphate  the  nucleus 
irill  swell  up  after  twelve  hours,  in  a  0.5  per  cent  solution  of  potas- 
sium oxalate  it  will  do  so  in  a  much  shorter  time. 

The  noxious  action  of  magnesium  salts  also  soon  becomes  evident 
in  the  roots  of  seedlings.  Thus  Vicia  and  Plsuvi  do  not  start  lateral 
roots  when  kept  in  a  solution  of  0.5  per  cent  magnesium  sulphate  or 
nitrate,  and  the  root  cap  and  epidermal  ceils  die  after  a  few  days.  In 
a  solution  of  calcium  nitmte  of  equal  strength,  however,  development 
continues.  Seedlings  of  Phmeohis  placed  in  a  solution  of  0.1  per  cent 
magnesium  sulphate  with  0.1  per  cent  monopotassium  phosphate 
showed  injury  to  the  roots  after  five  days,  and  the  entire  plant  suc- 
cumbed soon  afterwai*ds.  Similar  observations  had  been  made  by 
Wolflf,  by  Raumer  and  Kellerman,  and  by  others,  but  all  failed  to 
recognize  the  true  cause  and  to  ascertain  that  lime  salts  alone  act  as 
Uie  specific  remedy. 

Raumer^  observed  that  in  Phaseohin  mxdtifioru^  kept  in  various  cul- 
ture solutions  there  was  a  detrimental  effect  much  sooner  when  lime 
alone  was  absent  than  when  both  lime  and  magnesia  were  absent. 
The  difference  was  most  striking  in  the  main  roots  and  also  in  the 
number  and  vigor  of  the  lateral  roots.  Here,  then,  the  noxious  effect 
of  magnesia  in  the  absence  of  lime  is  again  manifested. 

The  writer  has  made  a  special  study  of  the  development  of  roots  in 
culture  solutions  free  from  lime  and  from  magnesia,  using  branches  of 
Tradescantia  for  this  purpose.  These  have  calcium  as  well  as  magne- 
sium salts  stored  up  in  their  nodes,  and  hence  some  development  of 
roots  is  possible  even  in  distilled  water.  Nevertheless,  a  most  striking 
difference  was  noticed,  the  roots  in  the  culture  solutions  containing 
lime,  but  not  magnesia,  producing  a  ^' dense  forest"  of  root  hairs  that 
reached  a  length  of  one-fourth  centimeter,  while  the  roots  in  solutions 
containing  magnesia  but  no  lime,  although  larger  than  the  others,*  pro- 
duced only  a  few  short  hairs.  The  lack  of  lime  in  these  roots  was  felt 
especially  in  the  epidermis,  the  interior  parts  being  able  to  draw  a 
sufficient  amount  of  lime  from  the  stem.  Indeed,  a  microchemical  test 
showed  the  presence  of  lime  in  the  ash  of  these  roots,  gypsum  needles 
forming  when  treated  with  a  little  sulphuric  acid. 

«Landw.  Vers.  Stat,  1883,  Vol.  XXIX,  pp.  254  and  268. 

^These  roots  were  4.1  cm.  long,  while  those  in  culture  solutions  without  magnesia 

were  only  3.2  cm.  long.    The  composition  of  the  complete  culture  solution  in  the 

above  case  was  as  follows: 

Per  mille. 

Monopotassium  phosphate 0. 1 

Potassium  nitrate •. 5 

Sodium  sulphate 2 

Calcium  nitrate 5 

Magnesium  sulphate 2 

ferrous  sulphate Trace. 
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The  extraordinary  effects  of  lime  salts  on  the  development  or  root 
hairs  is  of  special  interest,  as  it  furnishes  the  key  to  the  observ^ation  of 
Wolff  that  the  potassium  and  ammonium  salts  of  the  soil  are  absorbed 
in  increased  quantities  b}^  plants  after  manuring  with  lime  salts. 

Magnesium  salts  do  not,  of  course,  I'ank  with  mercuric  chlorid  and 
other  violent  metallic  poisons  as  to  the  degree  of  toxicity.  Their 
injurious  action,  moreover,  decreases  in  the  same  measure  as  the 
amount  of  calcium  salts  in  the  cells  to  be  tested  increases ;  it  further 
depends  upon  the  degree  of  protection  of  the  nucleus  against  the 
entering  salts,  upon  the  thickness  of  cellular  membranes,  and,  la«t  but 
not  least,  upon  the  degree  of  acidity  of  the  cell  sap.  Such  differences 
will  account  for  the  observation  of  Kearney,  that  magnesium  sulphate 
proves  much  more  poisonous  for  seedlings  of  lupin  and  alfalfa  than  for 
those  of  maize,  and  for  the  recent  observation  of  Duggarof  the  excep- 
tionally low  t(3xicity  of  magnesium  salts  for  marine  alga3.  Wherever, 
further,  the  entering  magnesium  salt,  can  be  transformed  in  the  cells 
into  the  secondary  phosphate,  there  the  toxic  action  becomes  exceed- 
ingly weak,  as  the  writer  has  himself  proved  (see  above  the  experi- 
ment with  Sj>lpogyra  made  in  presence  of  monopotassium  and  of  dipo- 
tassium  phosphate).  The  primary  question  is,  Which  magnesium  salts 
react  easily  upon  the  calcium  compounds  of  the  nucleus? 

LIFE   WITHOUT   LIME   SALTS. 

While  lime  salts  are  indispensable  for  animals.  Phanerogams,  and 
higher  alga^,  they  arc  not  so  in  the  case  of  bacteria,  fungi,  and  lower  algje. 
Thus  far  no  investigations  relating  to  the  higher  fungi  have  been  made 
in  this  regard.  The  occurrence  of  lime  in  the  ash  of  yeast  and  of 
tubercle  bacilli^*  must  be  regarded  as  merely  accidental.  It  was  first 
obse»*^'ed  by  Adolph  Mayer  that  for  yeast  magnesia  is  of  greater  impor- 
tance than  is  lime.  Later  the  writer  proved  that  yeast  and  bacteria  can 
do  without  lime  entirelv,*  and  Molisch  has  observed  that  this  is  also  true 
of  mold  fungi. ^  It  has  been  observed,  on  the  other  hand,  that  in  cer- 
tain cases  the  presence  of  lime  promotes  the  action  of  fungi,  but  this  is 
very  probably  due  only  to  a  secondary  effect.  Thus,  the  nitrification 
in  soils  is  enhanced  by  calcium  carbonate,  and,  according  to  Thaxter 
and  Wheeler,^  the  scab  of  potatoes  and  of  sugar  beets  is  increased  by 
liming  the  soil.  Recently  Laurent^  reported  that  certain  bacteria, 
BaclUuj^  coll  communU  and  B.  flw)rescens putidim^  can  attack  potatoes 

«  According  to  de  Schweinitz  and  Dorsett  (Centralbl.  f.  Bakt.,  No.  23,  1898),  the 
phosphates  of  sodium,  calcium,  and  magnesium  predominate  in  this  aah  over  that 
of  potai^sium,  while  the  reverse  is  true  in  the  ash  of  yeaat. 

«» Flora,  1892,  pp.  374  and  390. 

rBer.  Wien.  Akad.,  1894,  Vol.  CIII. 

''Storer,  Relation  of  Agriculture,  Vol.  II,  p.  546. 

eknn.  de  I'Institut  Pasteur,  1899,  Vol.  XIII,  p.  1. 
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in  soils  which  have  been  stronjjly  limed.  He  U^lieves  that  hy  this 
means  the  power  of  resistance  of  these  plants  is  diminished  so  much 
that  the  microbes  named  can  commence  their  i>ai-asitic  life,  and 
he  further  asserts  that  only  such  plants  can  resist  as  have  at  the  same 
time  a  great  amount  of  potash  and  pha^^phoric  acid.** 

Both  Molisch*  and  the  writer*"  have  observed  that  lime  is  not 
required  by  the  lower  forms  of  alga?.  Molisch  proved  this  in  the  case 
of  Vlitfhnx^  MUrrothamnlou .  StiefuHyMfttH^  and  Prnt*H'tKuniM^'^  and  the 
writer  proved  it  in  the  case  of  a  kind  of  Pnhntlhi, 

Bipartition,  zoospores,  isogani}'.  and  oogamy  represent  a  scale  of 
progress  which  probably  requires  an  increasing  differentiation  of  the 
nuclei.  Isogamy  in  its  simpler  forms  must  ]>e  distinguished  from  its 
more  perfected  form,  as  it  is  found  for  instance  \\\  copulation  of 
Sp'fr^Kjyra^  m' here  the  uniting  plasma  lK>dies  remain  protected  by  the 
cellulose  wall  during  the  entire  process.  Some  forms  of  the  order 
ProUx'fK'CoHhH^  multiply  only  b}'  bipartition,  others  hy  swarm  spores, 
certain  forms  by  isogamy,  but  only  two  genei*a  (  Volnw  and  Fudnrhui*) 
by  oogiini}'.  In  the  order  of  the  Con/Wroidtir^  [lofhr!.t  multiplies 
only  by  isogamy,  while  (EdfHj<mlum  multiplies  by  oogamy  also.  In 
other  groups  a  still  higher  potential izat ion  of  the  nucleus  has  to  be 
inferred,  as  in  the  Chanune  from  the  highly  differentiated  structure. 
Since  neutral  ]X)tassium  oxalate  has  a  poisonous  effect  upon  l)fafonii<^ 
(EdiHjon'inra^  Clachtphrra^  and  apparently  also  on  DruparnahlhK  the 
presence  of  important  lime  compounds  in  these  orgjiiiisins  may  be 
inferred.  All  these  organisms,  however,  are  more  differentiated  than 
Ulothr}^^  which,  according  to  Molisch,  can  grow  in  the  absence  of 
lime  salts. 

A  careful  study  and  comparison  of  the  various  chloroplasts  of  alga* 
might  also  show  certain  advantages  in  favor  of  those  which  reciuire 
lime  for  their  development.  For  instance,  certain  low  genera,  such  as 
NmUfC  and  Osclllarla^  form  no  starch,  while  others  do.  In  su(»li  cases 
starch  formation  is  to  be  regarded  as  a  step  forward,  on(^  that  depends 

'•A  satinfactory  explanation  of  the  dt*iTease  of  i>ower  of  rcsistance  under  the  inlhi- 
ence  of  such  an  important  nutrient  as  lime  would  he  very  desirahle.  PerhapH  the 
cells  beneath  the  lenticela  are  thereby  stimulated  to  growth  and  open  a  way  for  the 
parasiteti  to  enter. 

* Sitzungsber.  d.  Wien.  Akad.  d.  Wissenschaften,  1S95,  Vol.  CIV.  In  this  article 
Molisch  has  also  proved  that  the  algie  mentioneci  are  inc-apable  of  awimilating  free 
nitrogen.  This  confirms  an  earlier  observation  on  Noatoc  by  the  writer  (Biol.  Cen- 
tralbl.,  Vol.  X,  p.  591)  and  a  later  observation  by  Kossowib^ch. 

<'Botan.  Centralbl.,  1895,  No.  52.  Probably  Nodocitcae  an<l  Oscillaioriacew  also  do 
Dot  require  lime.     The  (culture  of  OscilUiriaf  however,  presents  especial  difliculties. 

''It  was  not  ascertained  whether  any  other  mode  of  multiplication  than  that  by 
bi|)artition  would  be  possible  in  the  absence  of  lime  in  some  of  the  forms  mentioned. 
This  question  might  also  l)e  raised  in  regard  to  fungi. 

*It  would  be  of  8j:»ecial  interest  to  ascertain  whether,  as  setMJis  probable,  FAuhmua 
and  Volvox  require  lime  salts. 
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upon  a  higher  differentiation  of  the  chloroplasts.  The  beautiful  chlo- 
roplasts  of  Spi/rogyra  show  a  high  degree  of  differentiation,  the  pyre- 
noids  in  the  chloroplasts  being  the  manufacturers  of  the  starch. 

It  is  true  Schmitz  also  observed  well-defined  chloroplasts  multiplying 
by  bipartition  in  such  simple  alga  forms  as  Protococcus^  Stichococcu^^ 
and  PalmeUn^  but  these  chloroplasts  appear  to  be  of  a  lower  order  than 
those  of  Clddophora^  Zygnemxt^  or  Spirogyra, 

The  nutrition  of  the  chloroplasts  is  in  ail  probability  cared  for  by  the 
nucleus;  hence  it  is  reasonable  to  suppose  that  nuclei  which  prepare 
calcium-protein  compounds  for  themselves  furnish  these  same  com- 
pounds to  the  chloroplasts  also.  This  is  probably  the  simplest  expla- 
nation as  to  why  chloroplasts  become  sensitive  to  even  neutral  oxalates 
in  all  plants  the  nuclei  of  which  are  killed  by  oxalates.  Where  the 
nuclei  contain  calcium-protein  compounds  the  chloroplasts  also  contain 
them. 

The  writer  has  advanced  the  view  tliat  a  higher  development  in  form 
and  function  becomes  possible  only  when  the  lower  forms  of  life 
acquire  the  ability  to  assimilate  lime  and  to  utilize  the  resulting  calcium- 
proteid  compound  for  the  construction  of  the  nucleus.  This  seems  to 
him  the  simplest  explanation  of  the  fact  that  lime  salts  are  required 
by  all  plants  except  the  very  lowest  forms.  Agreeing  especially  well 
with  this  view  is  the  further  observation  that  neither  neuti*al  oxalates, 
nor  magnesium,  nor  strontium  salts  are  injurious  to  these  lowest 
forms,*  although  noxious  to  all  other  plant  life. 

If  lime  were  necessary  only  for  (certain  processes  of  metabolism  in 
plants,  as  some  authors  claim,  it  would  not  only  follow  that  the  higher 
forms  of  algro  have  quite  a  different  mode  of  metabolism  from  the 
lower  ones,  but  it  would  also  remain  entirely  incomprehensible  why 
magnesium  salts  act  so  poisonously  on  the  nucleus  and  why  only  cal- 
cium salts  can  prevent  this  deleterious  effect.  It  would  be  very  inter- 
esting to  know  the  exact  line  of  organisms  below  which  calcium  salts 
are  not  required  and  above  which  they  are  indispensable  for  plant 
life.  A  division  of  the  algte  into  two  such  groups  would  certainly 
prove  instructive. 

POSSIBLE   RELATIONS   BETWEEN    LIME   AND   THE   TRANSl'ORTATION   OF 

STARCH. 

One  of  the  first  disturbances  to  appear  when  there  is  a  deficiency  of 
lime  is  the  cessation  of  starch  tninsportation.  Starch  gi-adually  accu- 
mulates in  the  lower  parts  of  the  stem,  and  even  its  transportation 
from  the  storage  receptacles  to  the  axial  parts  may  gradually  stop.     It 

fipalmella  can  develop  quite  well,  even  in  4  per  cent  solutions  of  neutral  potaasiom 
oxalate  or  magnesium  sulphate  to  which  traces  of  ammonium  sulphate  and  potassiam 
phosphate  had  been  added.  Beer  yeast  may  be  kept  for  several  hours  at  30°  C.  in  a 
1  per  cent  solution  of  magnesium  nitrate  without  serious  injury. 
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has  already  been  meDtioned  that  a  similar  phenomenon  was  observed 
bj  Nobbe  in  plants  showing  a  deficienc}^  of  chlorine  compounds.  Two 
causes,  either  separately  or  combined,  may  produce  this  phenomenon, 
and  it  follows,  therefore,  that  the  conditions  bringing  it  on  in  different 
cases  may  not  necessarily  be  wholly  identical.  One  cause  may  be 
that  cells  fail  to  produce  the  diastase  which  is  necessary  for  dissolving 
the  starch,  and  another  the  impossibility  of  forming  in  the  growing 
part^i  neiv  plastids  and  chioroplasts,  which  produce  starch  from  sugar. 

The  writer's  view,  according  to  which  lime  is  required  in  the  com- 
pounds which  build  up  nuclei  and  chromatophores,  explains  not  only 
the  failure  to  increase  these  organoids,  but  also  to  produce  diastase 
when  lime  is  absent.  Enzvmes  are  secreted  from  the  nuclei,  as  Hofer 
has  shown  with  amcebse,  and  therefore  if  the  nuclei  can  not  be  normallv 
formed  for  want  of  lime  enzyme  formation  also  ma}*  cease.  However, 
this  latter  explanation  does  not  seem  to  apply  for  the  initial  pathos 
logical  stage,  since  Haumer  and  Kellerman  observed  that  in  Phaj«'nh(i< 
mnliifl'tyruH  sugar  also  was  formed  from  starch  for  a  certain  period  when 
lime  was  deficient;  hence  diastase  was  probably  present. 

In  this  case  the  upper  pait  of  the  stem  was  devoid  of  starch  and 
seemed  to  be  incapable  of  forming  starch  from  the  sugar  pros-^nt.  This 
acx^uniulation  of  sugar  prevented  any  further  solution  of  starch  in  the 
lower  parts. 

The  intensity  of  starch  transportation  depends  essentially  on  two 
factors,  (1)  the  saccharifying  activity  and  (2)  the  starch-forming 
activity  of  the  leucoplasts  in  other  parts  of  the  plants. 

Further  investigations  in  this  direction  would  l)e  ver}'  desirable. 
They  would  perhaps  also  show  differences  between  the  action  of 
chlorids  and  that  of  lime  in  regard  to  the  transportation  of  starch. 
Finally,  since  a  deficiency  of  lime,  like  the  absence  of  phosphoric  acid, 
potassa,  or  magnesia,  stops  the  formation  of  new  cells,  an  accumulation 
of  proteins  may  result,  and  indeed  such  a  case  was  o])served  by  Stock, 
the  crystalloids  increasing  in  number  when  lime  was  deficient.^ 

THE    PHYSIOLOGICAL   rAlE   OF   MAGNESIUM    SALTS. 

It  has  already  been  pointed  out  that  magnesium  salts  are  especially 
important  in  the  formation  of  seeds,  but  they  are  also  required  by  all 
other  parts  of  plants,  and  especially  in  the  process  of  development.  The 
amount  of  magnesia  taken  up  by  crops  varies  considerably.  For 
example,  an  average  crop  of  wheat  will  take  up  8  kilos  per  hectare,  a 
crop  of  leguminous  plants  12  kilos,  and  a  crop  of  tobacco  as  much  as 
^  kilos.  It  has  also  been  j)ointed  out  that  magnesium  salts  can  fulfill 
their  nourishing  functions  only  in  the  presence  of  calcium  salts,  while 
in  the  absence  of  calcium  salts  they  even  exeii;  an  injurious  action.'' 

«Bot.  Centralbl.,  Vol.  LIII,  p.  83. 

^Only  the  lowest  algie  and  fungi  are  exception? 
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In  studying  the  questions  as  to  what  the  nourishing  function  of  mag^- 
nesium  salts  is  and  why  tliey  can  not  be  replaced  physiologically  by 
calcium  salts,  the  probable  answer  is  found  in  the  well-known  property 
of  the  magnesium  salts  to  undergo  dissociation  easily,  as  the  writer 
pointed  out  some  years  ago.  ^    Magnesium  salts  are  easily  hydrolyzed,  a-s 
is  shown  in  the  preparation  of  chloridor  carbonate  of  magnesium  by  the 
ordinary  method,  whereby  a  part  of  the  acid  is  easily  liberated.     Mort?*- 
over,  in  boiling  wdth  water  the  secondary  magnesium  phosphate  ii* 
decomposed  into  tertiary  phosphate  and  free  phosphoric  acid.     The 
inference  suggests  itself  that  this  easy  dissociation  is  of  great  value 
to  the  cells,  since  in  the  assimilation  of  nitrogen  from  nitrates,  sulphur 
from  sulphates,  and  phosphoric  acid  from  phosphates  the  dissociation 
of  these  salts  would  immediately  precede  assimilation;  hence  the  easier 
these  acids  are  sepai'ated  from  the  base  the  easier  their  assimilation  will 
be  accomplished.     However,  this  deduction  relates  more  to  the  assimi- 
lation of  phosphoric  acid  than  to  that  of  sulphur  and  nitrogen.     This 
latter  assimilation  must  be  possible  also,  to  a  certain  degree,  frotti 
other  sulphates  and  nitrates  besides  those  of  magnesia.*    According  to 
this  view  the  formation  of  nucleoproteids  depends  upon  the  presence 
of  magnesium  salts.     As  a  matter  of  fact,  it  is  found  that  magnesia 
always  increases  where  rapid  development  is  taking  place.     In  accord- 
ance with  this  view  also,  small  quantities  of  magnesium  salts  can  be 
used  for  a  great  deal  of  work,  since  the  same  amount  of  base  can  serve 
over  and  over  again  as  the  vehicle  for  assimilation  of  phosphoric  acid. 
This  may  also  explain  the  fact,  pointed  out  long  ago  by  Adolph  Mayer, 
that  "magnesia  is  more  movable  in  the  plant  than  lime  is,"  and  that 
''magnesia,  like  the  phosphates,  follows  the  proteids." 

The  fact  that  comparatively  little  magnesia  can  serve  for  extended 
physiological  operations  may  be  noticed  in  fungi  in  culture  solutions 
devoid  of  lime,  and  also  when  seeds  are  left  to  develop  in  culture  solu- 
tions free  from  magnesia  and  with  only  a  moderate  amount  of  lime  in 
proportion  to  phosphoric  acid.  For  example,  beans  may  reach  oven  1 
meter  in  height  in  such  solutions,  the  reserve  magnesia  sufficing  for 
this  result. 

Besides  the  easy  dissociation  the  solubility  of  the  secondary  magne- 
sium phosphate  in  water  is  also  of  value.  This  solubility  is  much 
greater  than  that  of  the  secondary  caUnum  phosphate.  When  1(H)  cc. 
of  a  0.2  per  cent  solution  of  disodium  phosphate  are  mixed  with  2  to 
3  cc.  of  a  10  per  cent  solution  of  magnesium  nitrate  at  the  ordinary 
temperature  no  pre(^ipitate  is  formed,  while  with  an  equivalent  amount 
of  (calcium  nitrate  there  will  be  a  considerable  precipitate.  It  ma}'  be 
inferred,  therefore,  that  the  secondary  magnesium  phosphate  is  more 

«  Flora,  1S92,  ]>.  286. 

'^  It  iH  important  to  rememher  that  nitraU»H  ami  siilphatew  are  rwluced  in  their 
assimilation  while  phosphaten  are  not. 
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capable  of  migrating  in  plants  than  is  the  calcium  pliosphate,  at  least 
in  neutral  media  and  in  the  cytoplasm  and  its  intercellular  connections. 

The  alga  Spirrtgyra  is  especially  well  adapted  to  show  the  influence 
of  magnesium  salts  upon  the  production  of  portein  matter.  This  influ- 
ence may  be  twofold,  (1)  in  facilitating  the  assimilation  of  sulphur  and 
nitrogen  from  sulphates  and  nitrates  the  albumin  formation  as  such  is 
increased,  and  (2)  in  making  the  assimilation  of  phosphoric  acid  possi- 
ble, nucleoproteids  may  be  formed,  so  that  division  of  the  nucleus  and 
growth  can  proceed.  If  growth  is  as  energetic  as  the  formation  of  pro- 
tein no  accumulation  of  protein  will  take  place,  all  being  orgjinized  for 
the  wants  of  the  multiplying  cells.  However,  by  reducing  the  amount 
of  phosphate  to  a  trace  multiplication  can  be  very  much  retarded  or 
stopped  altogether,  while  albumin  formation  may  go  on;  hence  in  this 
case  an  accumulation  of  albumin  takes  place  either  in  the  cell  sap  or 
in  the  cytoplasm  or  in  both. 

These  conclusions  can  be  very  easily  verified  by  studies  with  Splro- 
gifra^  for  which  the  bicarbonate,  obtained  by  dissolving  magnesium 
carbonate  in  water  charged  with  carbonic  acid,  is  a  very  favorable  form 
of  mag'nesium.  Thus  a  most  energetic  growth  was  observed  with  the 
following  composition: 

Per  mille. 

MafoieHiuni  bicarbonate 0. 5 

Magin^siuin  Hulphate 1 

Calcintn  nitrate 5 

Monopotassium  phosphate 05 

Potassiuni  nitrate 2 

Ferrr>us  sulphate Trace. 

The  supposition  that  the  favorable  action  of  the  magnesium  bicar- 
bonate consists  simply  in  a  '* neutralization  of  acids"  formed  in  the 
process  of  metabolism,  can  not  be  correct,  since  calcium  bicarbonate  by 
no  means  shows  the  same  beneficial  influence,  and  besides  in  the  latter 
<«se  the  above  culture  solution  would  contain  such  an  excess  of  lime 
over  magnesia  that  the  assimilation  of  phosphoric  acid  might  be 
retarded,  involving  a  slower  development. 

The  foregoing  makes  it  intelligible  why  in  the  absence  of  magnesium 
salts  the  multiplication  of  cells  is  stopped,  the  nucleus  not  b(>ing  able 
to  increase  to  the  point  where  division  sets  in.  In  the  mixture  of  dif- 
ferent salts  occurring  in  plants  there  is  sufficient  opportunity  for  mag- 
nesia to  combine  with  phosphoric  acid,  and  the  secondary  magnesium 
phosphate  thus  formed  can,  in  passing  into  the  tertiary  salt,  yield  some 
fvee  phosphoric  acid.  The  tertiary  salt  remaining  oxxw  easily  be  redis- 
solved  b}-  weak  organic  acids,  and  thus  yield  again  the  secondary 
phosphate,  which  may  in  turn  be  utilized  for  the  assimilation  of  phos- 
phoric acid.  Rjip idly  .growing  parts  generall}'  develop  an  acid  reaction 
in  the  cell  sap,  whiclr  is  of  advanUige. 

The  rapidly  proceeding  cell  division  requires  the  most  favorable 
conditions  for  the  assitn'lMtio'i  of  phosphoric  acid. 
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Thus  far  few  authors  have  expressed  any  view  as  to  the  primarjr 
functions  of  magnesia.     Kaumer  observed  that  Phaseolus  muUijlorua^ 
grown  in  culture  solutions  without  magnesia,  reached  1  meter  in  height^ 
after  which  the  internodes  no  longer  lengthened,  but  thickened  abnor- 
mally.    The  new  leaves  also  remained  small  and  ceased  to  produce 
chlorophyll — an  interesting  case  of  chlorosis,  which  disease  may  l>e 
produced  by  other  causes  than  by  the  absence  of  iron,  as  has  been 
already  pointed  out.     Raumer  ascribed  to  magnesia  and  not  to  lime, 
as  Boehm  has  done,  the  transportation  of  starch,  basing  his  claim  on 
the  ground  that  in  the  l)eginning  the  leaves  contain  not  only  consider- 
able starch,  but  also  a  relatively  large  proportion  of   magnesia,   & 
condition  found  later  also  in  the  stems.     Finally,  magnesia  is  found 
to  be  increased  in  the  seeds,  in  which  starch  also  is  generally  deposited. 
This  hypothesis  does  not,  however,  seem  to  be  well  founded,  since  the 
relations  indicated  are  not  direct  ones.     Many  other  facts  make  it 
much  more  probable  that  it  is  the  proteids  and  not  the  starch  that  have 
a  close  relation  to  magnesia.     Where  development  is  going  on,  starch 
is   required   for   furnishing   the  necessary  carbon  and  hydrogen   in 
the  production  of  proteids.     Here  magnesia  is  connected   with   the 
protein  production  and  not  with  the  migration  of  starch.     Further- 
more, the  organoids  of  starch  formation,  the  plastids,  also  require 
magnesium  salts  for  their  growth  and  multiplication,  since  they  con- 
tain phosphoric  acid  in  their  nucleo-proteids;  hence  there  also  exist 
some  reasons  for  the  belief  in  the  remote  connections  between  the 
starch  content  of  an  organ  and  the  amount  of  magnesia  present. 

INCREASE   OF   MAGNESIA    IN   OILY    SEEDS. 

If  the  writer's  theory  as  regards  the  relation  of  magnesia  to  phos- 
phoric acid  is  correct,  more  magnesia  ought  to  be  found  where  both 
compounds,  nucleoproteids  as  well  as  lecithin,  are  formed  than  where 
nucleoproteids  alone  exist,  since  the  assimilation  of  phosphoric  acid  is 
required  not  only  for  the  formation  of  nucleoproteids,  such  as  chroma- 
tin and  plastin,  but  also  for  that  of  lecithin.  Lecithin  is  a  constant 
concomitant  of  fat,  and  therefore  seeds  rich  in  fat  ought  to  contain, 
cet.  par.,  more  magnesia  than  such  as  are  rich  in  starch.  A  review  of 
Wolffs  ash  tables  confirms  this  deduction.  For  1,(KX)  parts  of  organ- 
ized Hu])stance  there  are  of  magnesia  in — 


Oats 

Starchy  Heeds. 

Paris. 
1.9 
2.0 
2.0 

1.9  . 

1 

Cotton.,. 

t>ny  xwmIk. 

5.C 

Barlev 

Fljux 

4.7 

Rye 

Poppy  . . 
Pape  ... 

4.9 
4.6 

Maiyx^ 
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The  average  proportion  of  magnenia  in  starchy  seeds  to  that  in  oily 
seeds,  therefore,  is  as  2  to  5. 

It  may  furthermore  be  pointed  out  that  fungi  grown  in  culture  solu- 
tions containing  only  traces  of  magnesia  form  no  spores.  Spores,  how- 
e%'er,  contain  lecithin,  and  in  all  probability  relatively  large  amounts  of 
nacleoprotein.  Here  the  importance  of  magnesia  can  be  readily  dem- 
onstrated by  increasing -its  amount  in  the  culture  solution,  after  which 
spores  are  soon  fonued.  A  similar  effect  on  oats  was  ol>8erved  by 
Schneidewind.^  Of  all  nitrates  tested,  magnesium  nitrate  yielded  the 
largest  grain  production. 

NECESSITY    OF   MACINESIUM    SALTS    FOR   FUNGI. 

Magnesium  salts  are  also  indispensable  for  fungi,  but  an  exceedingly 
small  amount  will  suffice  when  the  nourishing  solution  has  an  acid 
reaction.  In  fact,  even  traces  of  magnesia  taken  up  from  glass  vessels, 
if  the  latter  are  not  made  of  the  most  resistant  material,  will  suffice 
for  gix)wth.  Fiilnkel  denies  the  necessity  of  magnesia  for  certain  kinds 
of  bacteria* — BacteAum  vol!^  li,  pyoryaitniH  Friedl.,  and  other  bacteria 
having  been  cultivated  by  him  in  solutions  of  asi)ai*tate  or  lactate  of 
ammonia  in  absence  of  magnesium  salts.  However,  a  suspicion  as  to 
the  absolute  purity  of  his  materials  may  Iw  justly  enteitained. 

How  .small  a  quantity  of  magnesium  salts  may  suffice  for  mold  fungi 
is  shown  by  the  following  observation:  The  writer  prepared  a  nour- 
ishing solution  containing  2  per  cent  of  anmionium  acetate,  0.04  per 
(«nt  monopotassium  phosphate,  and  0.02  per  cent  potassium  sulphate 
and  infected  the  solution,  which  was  made  with  absolutely  pure  mate- 
rials, with  a  few  spores  of  Penlcllluitu^  but  obtaininl  no  growth,  owing 
to  the  absence  of  magnesia.  He  then  added  0.0008  per  cent  of  mag- 
nesium sulphate,  and  soon  a  considei*able  development  of  mycelium 
took  place,  its  weight  finally  becoming  very  nearly  the  same  as  that  in 
the  control  flask  containing  0. 1  i)cr  cent  of  magnesium  sulphate.''  The 
only  difference  observed  between  the  two  cases  was  that  in  the  former 
flask  spores  were  entirely  absent,  while  in  the  latter  they  were  abund- 
antlv  fonned. 

Gunther''  inferred  from  his  experiments  that  the  limit  of  sensi)>ility 
of  the  fungus  Rhhopm  to  magnesium  sulphate  is  0.005  milligram. 
From  such  experiments  it  seems  very  probable  that  in  those  made  by 
Frankel  with  bacteria  traces  of  magnesia  were  present  as  impurities 
in  some  of  the  compounds  used.^ 

«Joum.  f.  Landw.,  1808,  Vol.  XLVI,  p.  1. 
H^ntralbl.  f.  Bakt,  Vol.  XVII,  p.  32. 

<^ Experiments  with  PenU'illium  Hucceed  l)est  in  mo<ierateIy  acid  Hohitions. 
^'See  p.  33. 

'This  applies  also  to  the  l>elief  of  Thumni  that  magnesium  can  l)e  replaced  by 
calcium  in  the  culture  of  certain  bacteria,  as  B.  ptjocijaneiis. 
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Molisoh  has  observed,  and  his  observations  have  been  confirmed  by 
the  writer,  that  spores  of  PenicUUum  do  not  even  germinate  in  cul- 
ture solutions  entirely  free  from  magnesia  and  containing  ammonium 
acetate  as  the  only  organic  nutrient — a  fact  which  appears  very  strange, 
as  there  is  certainly  stored  up  in  the  spores  a  sufficient  amount  of  mag- 
nesium phosphate  to  make  germination  and  even  some  further  develop- 
ment possible,  and  indeed  magnesia  has  been  found  repeatedly  in  the 
ash  of  fungi  spores.  The  writer  has  cultivated  PenicilUum  in  a  solu- 
tion containing  peptone,  tartaric  acid,  monopotassium  phosphate,  and 
0.1  per  cent  magnesium  sulphate,  and  has  convinced  himself  of  the 
presence  of  magnesia  in  the  spores."  However,  these  same  spores  did 
not  germinate  in  the  solution  of  ammonium  acetate  used  by  Molisoh 
and  by  the' writer,  but  they  germinated  in  various  other  solutions,  as, 
for  instance,  in  a  6.5  per  cent  soluticm  of  sodium  acetate  or  of  cane 
sugar  containing  a  small  amount  of  ammonium  sulphate.  It  appeal's 
probable,  therefore,  that  a  solution  containing  ammonium  acetate  as 
sole  organic  nutrient  is  unfavorable  for  starting  in  the  spores  ceiiain 
processes  which  render  the  stored-up  magnesium  phosphate  available 
for  the  beginning  of  germination.  Perhaps  there  is  formed  in  the 
spores  magnesium  ammonium  phosphate  which  is  but  little  soluble 
when  too  much  ammonia  is  present  in  the  culture  solution.  In  suitable 
culture  solutions,  free  of  magnesia,  the  magnesium  phosphate  stored 
up  in  the  spores  may  })e  economically  utilized,  and  even  a  considerable 
mass  of  mycelium  may  ))e  produced,  provided  an  abundant  sowing  of 
spores  had  taken  place.  This  explains  the  contradictory  results 
obtained  hv  some  authors. 

<^AN    MACfNKSIlJM    SALTS   BK    RKPLACRl)   BY   BERYLLIUM   SALTS^ 

Former  attempts  to  clear  up  the  physiological  functions  of  mag- 
nesium naturally  have  raised  the  question  whether  beryllium  can  per- 
form the  functions  of  magnesium  in  living  cells,  since  the  general 
behavior  of  the  compou!ids  of  both  elements  bears  a  strong  chemical 
resemblance. 

« It  hsLs  been  showii  by  Aho  that  the  spores  of  AsperffiUua  oryzte  contain  a  moilerate 
amount  of  niagne^nia.     Tlie  a*<h  of  these  spores  had  the  following  oom position: 

Per  cent. 

Potash 45.96 

Soda 4.13 

Lime 1.  a3 

Magne^^ia 4. 36 

Ferric  oxid 4. 91 

Pliosplioric  aciil 39. 64 

Sul])liuri("  acid 2. 00 

Silica 40 

The  percvnta^e  of  ash  in  the  dry  matter  was  5.15.     The  fungus  had  been  grown 
on  l)oiled  rice. 
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In  1890  Sestini^  undertook  to  detennine  whether  wheat  could  be 
raised  in  culture  solutions  in  which  magnesium  sulphate  was  replaced 
by  beryllium  sulphate.  He  sowed  the  grains  in  quartz  sand  which 
had  been  treated  with  hydrochloric  acid  to  remove  all  mineral  impuri- 
ties, and  watered  the  plants  with  a  culture  solution  containing 
beryllium  sulphate  in  place  of  magnesium  sulphate.  The  plants 
reached  a  height  of  90  to  95  cm.,  but  the  control  experiment  showed 
the  suj)eriority  of  magnesium  over  beryllium,  as  will  be  seen  by 
the  following  comparison: 


Wheat  flrrown — 


Numborof' Weight  <>f      WciKhl  <»f 
seeds.  Ket-dx.      ,  single sttni. 


<iram*.  (iranm. 


2X3    '         12.:U  0.  4.r> 


In  the  beryllium  Mjlution 

In  the  magncfiium  solution 322    I  lo.2(>  .472 


The  harvested  seeds  were  grown  again  in  the  same  way.''  Of  twenty 
seeds  of  the  plants  grown  in  beryllium  solution,  however,  only  seven 
germinated,  and  only  three  of  the  plants  produced  seeds,  the  resulting 
crop  of  fourteen  seeds  weighing  only  0.87  gram  and  averaging  only 
0.026  gram.  This  clearly  shows  that  beryllium  can  not  replace  mag- 
nesium in  wheat,  and  very  probably  also  not  in  any  other  of  the 
phanerogams.  The  fact  that  the  first  generation  yielded  a  much  better 
result  than  the  second  must  be  ascribed  to  the  presenve  of  a  relatively 
large  aoiount  of  magnesium  phosphate  in  the  seeds  used. 

In  an  experiment  made  by  the  writer  with  shoots  of  TradcM^anita 
placed  in  culture  solutions  containing  0.1  per  cent  beryllium  sulphate 
in  one  case  and  0.1  per  cent  magnesium  sulphate  in  the  other,  the 
lower  leaves  of  the  beryllium  plant  commenced  to  die  after  several 
weeks,  and  the  newly  developed  upper  leaves  sciircely  reachcKl  one- 
third  the  normal  size,  these  shoots  dying  off  after  eight  weeks,  while 
in  the  control  case  they  were  still  in  a  healthy  condition.*' 

In  regard  to  alga?,  the  writer  has  observed  that  a  solution  of  })eryl- 
Uum  sulphate  in  which  the  other  mineral  nutrients  are  wanting  exer- 
cises an  injurious  influence  sooner  than  does  the  magnesium  sulphate. 
Some  threads  of  Splrogyra  comimnuH  were  placed  in  0.2  per  cent  of 
these  salts  dissolved  in  purest  distilled  water,  and  it  was  found  after 
two  days  that  the  number  of  dead  and  injured  cells  was  much  larger 
in  the  former  case  than  in  the  latter.^ 

In  a  subsequent  experiment  the  amount  of  both  these  sulphates  was 

<»LeStaz.  Agr. Ital.,  Vol.  XX;  Centralbl.  f.  Agr.  Chem.,  1890,  p.  464,  and  1891,  p.  558. 
*The  ash  of  the  beryllium  plants  contained  2  per  cent  of  BeO. 
^Mineral  nutrients  are  stored  up  in  the  nodes,  as  already  mentioned. 
^For  further  information  relative  to  the  noxious  effect  of  magnesium  nalte  in 
abeence  of  calcium  see  pp.  49-51. 
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diminished  and  mineml  nutrients  added,  the  i'oniposition  of  the  main 
solution  being — 

Her  mille. 

Calcium  nitrate 0. 10 

Calcium  sulphate 01 

Monopotassium  phosphate 01 

Dipotassium  phosphate 01 

Beryllium  sulphate 10 

In  thin  solution  Splr(Hjyra  threads  were  still  normal  and  healthy 
after  three  weeks,  but  had  not  grown  to  any  noticeable  extent. 
In  another  experiment  the  following  solution  was  prepared: 

Per  millc. 

Calcium  nitrate 0. 25 

Calcium  sulphate 10 

Monopotassium  catbonate 1. 00 

Monopotassium  phosphate 05 

Ferrous  sulphate Trace. 

One-half  of  this  solution  received  0.2  gram  magnesium  sulphate  and 
the  other  half  0.2  gram  beryllium  sulphate.  Very  soon  a  slight  tur- 
bidity, followed  later  by  a  flocculent  precipitate,  wa^s  noticed  in  the 
beryllium  solution,  while  the  control  solution  remained  absolutely  clear. 
Into  both  flasks  a  trace  of  a  Pahmlla  culture,  with  some  Diatoms, 
was  now  introduced.  After  four  weeks  it  was  found  that  the  Diatoms 
had  multiplied  to  a  great  extent  in  the  control  solution,  but  not  one 
could  be  observed  after  repeated  microscopical  examinations  in  the 
beryllium  solution.  The  Pahnelht^  however,  was  well  developed  in 
both  flasks.  This  might  seem  to  indicate  that  such  a  simple  alga  form 
as  Palvtella  could  utilize  beryllium  salts  in  place  of  magnesium  salts, 
at  least  when  offered  in  a  favorable  culture  solution;  but  slight  traces 
of  magnesia  might  have  been  furnished  ])y  the  glass  vessel. 

To  determine  the  effects  of  beryllium  on  fungi  an  experiment  was 
made  by  Molisch,  the  culture  solution  used  containing — 

Per  mille. 

Ammonium  acetate 20. 00 

Beryllium  sulphate '. 40 

Monopotassium  phosphate *. 04 

Ferrous  sulphate 01 

There  was  no  development  whatever  in  this  solution  when  spores  of 
PenicUlixLm  were  inoculated,  but  upon  the  addition  of  0.02  per  cent 
magnesium  sulphate  78  milligrams  of  fungous  mass  was  produced  after 
nineteen  days. 

Notwithstanding  the  close  chemical  relations  between  beryllium 
and  magnesium  there  must  exist  such  chemical  differences  that  the 
inability  of  beryllium  to  physiologicall}'  replace  magnesium  can  be 
easily  explained.  As  the  text-books  on  chemistry  fail  to  give  minute 
comparisons  of  the  chemical  behavior  of  soluble  beryllium  and  mag- 
nesium salts  toward  phosphates,  the  writer  has  made  a  few  tests  in 
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this  regard.  When  1  per  mille  solutions  of  lieryllium  sulphate  and 
dipota^ium  phosphate  are  mixed  the  liquid  is  at  first  clear  at  the 
ordinary  temperature,  but  gi'adually  becomes  opalescent,  and  after  one 
day  the  ber3^11ium  is  precipitated  as  a  flocculent  phospliate,  but  if  the 
mixture  is  heated  or  if  some  sodium  acetate  is  added  a  flocculent 
precipitate  is  produced  at  once.  Magnesium  sulphate  behaves  very 
differently,  giving  no  precipitate  whatev^er  under  the  same  conditions. 

If  a  10  per  cent  solution  of  monopotassium  phosphate  is  mixed  with 
a  10  per  cent  solution  of  magnesium  sulphate  no  precipitate  is  formed 
at  the  ordinary  temperature,  and  the  liquid  remains  clear  even  on  l)oil- 
ing-  This,  however,  is  not  the  case  with  l)erylliimi  sulphate,  which 
produces  a  copious  flocculent  precipitate  in  a  few  minutes,  and  even  if 
more  dilute  solutions,  as,  for  example,  a  1  per  cent  solution  of  mono- 
potassium  phosphate  and  beryllium  sulphate,  are  mixed,  the  mixture 
becomes  turbid  on  Iwiling. 

Although  a  higher  diluted  solution  of  beryllium  sulphate  gives  no 
precipitate  with  monopotassium  phosphate,  the  addition  of  sodium 
acetate,  even  at  the  ordinary  temperature,  will  cause  a  precipitate  of 
beryllium  phosphate.  Thus  even  in  a  dilution  of  0.001  per  cent  beryl- 
lium sulphate  turbidity  will  be  produced,  and  finally  some  flocculi 
will  be  deposited.  Under  the  same  condition  solutions  of  magnesium 
sulphate,  whether  highly  or  moderately  diluted,  will  remain  perfectly 
clear. 

It  is  seen,  therefore,  that  there  is  a  fundamental  difference  between 
beryllium  and  magnesium  salts  in  their  behavior  to  phosphoric  acid — a 
difference  which  amply  accounts  for  the  fact  that  beryllium  salts  can 
not  replace  magnesium  salts  as  far  as  the  process  of  the  assimilation 
of  phosphoric  acid  is  concerned.  In  this  respect  magnesium  is  unri- 
valed even  by  the  most  closely  related  elements.  With  the  properties 
of  easy  dissociation  of  the  salts  and  its  character  as  onl}'^  a  weak  base, 
magnesia  unites  a  moderate  solubility  of  the  secondary  phosphate  not 
found  with  any  other  related  base.  Although  berj^llium  oxid  is  also  a 
weak  base,  the  fact  that  it  is  much  more  inclined  than  magnesia  to 
yield  an  insoluble  phosphate  renders  it  unsuitable  for  the  function 
mentioned. 

As  to  the  rarer  elements  it  may  still  be  questioned  whether  there  may 
not  exist  among  them  some  that  could  physiologically  replace  magne- 
sium or  calcium.  The  experiments  with  cerium  and  lanthanum  showed 
no  evidence  in  favor  of  that  view,  these  salts  killing  algse  in  a  solution 
of  0.1  per  cent.  Thorium  sulphate  is  not  so  injurious,  but  no  further 
studies  as  to  whether  it  can  be  utilized  for  any  physiological  function 
have  been  made,  nor  have  any  experiments  been  made  with  yttrium, 
niobium,  or  some  other  i-are  elements. 
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IMPORTANCE   OF   LIME   SALTS   I'X)R  ANIMALS. 

In  animals  lime  salts  are  necessary,  not  simply  for  the  formation  of 
the  bones  but  also  for  every  part  of  the  body,  and  they  are  required 
for  the  lowest  forms  as  well  as  for  the  higher  animals. 

The  action  of  the  heart  is  above  all  most  intimately  connected  with 
the  presence  of  lime  salts.  Thus  a  frog's  heart  will  soon  stop  even  in 
a  physiologic  salt  solution  (0.6  per  cent  sodium  chlorid),  but  will  con- 
tinue to  beat  when  some  ash  of  blood  is  dissolved  in  the  same  s'^lution. 
Ringer  has  shown  that  a  good  circulating  fluid  for  the  heart  may  be 
compounded  by  preparing  a  mixture  of  such  saU^  as  normally  occur  in 
the  blood.  In  such  a  solution  the  isolated  frog's  heart  will  beat  almost 
as  long  as  it  would  in  defibrinated  blood.  Halliburton"  says:  "The 
necessity  for  lime  salts  is  especially  great.  In  fact,  the  close  adhesion 
of  proteids  generally  with  small  quantities  of  mineral  matter  is  rathei 
suggestive  of  combination  than  mere  mixture.  Lime  salts  adhere 
especially  closely  and  in  fact  seem  indispensable  for  many  of  the  func- 
tions of  the  body,  of  which  the  beating  of  the  heart  and  the  contraction 
of  skeletal  muscle  are  good  examples.  Blood  from  which  the  salts 
have  been  removed  keeps  the  heart  going,  but  the  tracing  is  abnormal, 
resembling  that  produced  by  a  weak  solution  of  a  lime  salt.  It  is  in 
fact  found  that  dialj^sis  will  not  remove  the  lime  from  scrum  albumin, 
though  it  removes  the  greater  part  of  the  sodium  and  potassium  salts." 

The  great  importance  of  calcium  salts  for  the  various  organs  of  ani- 
mals is  also  illustrated  by  the  empirical  knowledge  gained  J)y  physi- 
cians. Thus  a  prominent  medical  work*  states:  " Calcitmi  chlorid  is 
used  with  J)cnelit  as  an  internal  remedv  in  the  various  manifestations 
of  the  strumous  diathesis.  It  often  causes  the  resolution  of  glandular 
enlargements  and  the  calcification  of  tubercular  deposits,  aids  the 
cicatrization  of  ulcerating  cavities,  and  has  proved  curative  in  eczema 
and  lupus.  It  is  highly  praised  in  phthisis,  also  in  chorea,  and  for  the 
colliquative  diarrhea  of  strumous  children.  In  solution  used  exter- 
nally JUS  a  fomentation  it  is  said  to  hasten  the  maturation  of  boils.''  In 
direct  contact  with  the  heart,  however,  this  salt  is  not  harmless,  iu> 
shown  by  the  experiments  with  a  frog's  heart.  Probably  a  hydrolytic 
dissociation,  with  liberation  of  hydrochloric  acid,  however  slight  it 
might  be,  brings  on  the  injurious  effect. 

Munk^  observed  during  the  inanition  of  men  and  dogs  a  gnidual 
increase  of  the  lime  secreted  in  the  urine.  Katsu3^ama''  noticed  in 
observations  on  starving  rabbits  in  the  first  four  days  a  gmdual  decrease 
and  afterwards  a  slow  increase  of  lime  in  the  urine,  while  there  was  a 

«Chem.  Physiol.,  London,  1891,  p.  256. 

'>  O.  L.  Potter,  Handbook  of  Materia  Me<lica,  Pharmacy,  and  Therapeutics,  Phila- 
delphia 

^-Suppl.  zu  Virchow's  Arch.,  Vol.  CLl. 
t^Zeitschi    f.  Phys.  Chem,,  1899,  Vol.  XXVI. 
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gradual  and  steady  decrease  of  ma^e^ia.  Thin  decreaki^e  of  ma^esia, 
compared  with  the  iocreaj^  of  lime,  is  very  Hignificant  and  in«$tructive.* 

PBOPORTIONS  OF  LIME  AKD  MAGXESLA   IN  ANIMAL  OBOAKI8MS. 

The  miLsele  fibrillse  of  the  mammalia  are  made  up  principally  of  the 
contractile  substance,  or,  as  Kupffer  has  called  it,  the  dy namoplast.  The 
energide  (the  nucleus  with  its  connected  cytoplasm),  which  manufac- 
tures the  fibrillfl?,  occupies  hut  a  small  volume  within  the  dynamoplast, 
benee  the  writer\s  hypothesis  would  suggest  the  inference  that  the 
lime  content  of  muscular  masses  should  be  less  than  that  of  glandu- 
lar masses,  vsince  the  relative  mass  of  the  nucleus  in  muscles  is  much 
smaller  tl^n  in  glands.  From  KatzV  analyses  the  following  data  will 
show  how  far  this  view  is  confirmed.* 

There  were  found  in  1,000  parts  of  fresh  muscle  of  a — 

Pftrt  cAlcimiL 

Dog 0.0685 

Hog 0806 

Deer 0959 

C«t 0846 

Man 0748 

or  an  average  of  0.0809  part  calcium.  On  the  other  hand,  Oidtman^ 
found  in  the  liver,  the  largest  gland  in  mammalia,  0.284  part  of  cal- 
cium for  1,000  parts,  or  nearly  three  and  a  half  times  as  much  as  the 
average  in  the  muscle. 

Embryos  and  young  animals  show  a  higher  percentage  of  nuclear 
mass  in  the  muscles  than  do  full-grown  animals,  hence  the  fai't  that  the 
muscles  of  the  calf  contain  more  lime  than  those  of  the  cow^  is  in  full 
accord  with  the  writer's  inference.  Zoologists  have  further  observed 
that  the  muscles  of  fishes  and  batrachia  are  relatively  richer  in  nuclear 
mass  than  are  those  of  mammalia.  The  fact  that  Katz  ^  has  found  two 
to  three  times  as  much  lime  in  the  muscles  of  su(*h  animals  as  in  those  of 

o  It  may  l)e  pointed  out  here  that  lime  compounds  also  play  an  important  r51e  in 
the  coagulation  of  the  blood,  as  this  can  be  prevented  by  the  addition  of  some  soluble 
oxalate.  Myosin,  which  possibly  plays  a  part  in  the  coagulation  of  the  muscular 
plasm,  also  contains  lime.  Moreover,  the  actions  of  rennet  and  of  pectase  are  con- 
nected with  the  presence  of  lime.  In  the  absence  of  lime  no  precipitates  are  formed, 
although  the  chemical  changes  by  those  enzymes  are  not  prevented. 

ft  Pduger's  Arch.,  Vol.  LXIII,  p.  1. 

<^  Prize  Treatise,  Wiirzburg,  1858.  This  author  found  1.1  per  cent  inorganic  sub- 
stance in  the  liver,  and  in  100  parts  of  this  ash  3.62  per  cent  of  lime  and  0.19  per 
cent  of  magnesia.  Calculating  from  these  data,  there  are  contained  0.2842  part  of 
calcium  and  0.0125  part  of  magnesium  in  1,000  parts  of  fresh  liver.  The  amount  of 
magnesium  is  probably  somewhat  too  low. 

^'The  lime  content  of  the  liver  cells  is  also  larger,  according  to  Kruger  (1895),  in 
the  calf  than  in  the  cow,  which  suggests  the  necessity  of  further  microscopic  com- 
parison as  to  the  relative  size  of  the  nuclei. 

«Pfluger's  Arch.,  Vol.  LXIII,  p.  1. 
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mammalia  is  therefore  strictly  in  accord  with  the  writer's  view.     There 
is  in  1,000  parts  of  fresh  muscle  of  the — 

Part  calcium. 

Frog 0.1566 

Shad 2206 

Eel.. 3913 

or  an  average  of  0.2562  part  calcium. 

The  importance  of  lime  for  the  division  of  cells  even  in  the  lower 
animal  organisms  is  shown  by  Herbst's  statement^  that  the  most 
important  salt  for  the  development  of  the  sea  urchin's  eggs  is  calcium 
pllQsphate,  in  the  absence  of  which  not  even  the  completion  of  segmen- 
tation is  possible.  The  calcium  of  this  salt  is  just  as  important  as  the 
phosphoric  acid. 

A  relative  increase  of  magnesia  can  be  observed  in  organs  in  which 
the  nuclear  mass  is  small.  Thus  the  human  brain  contains  more 
magnesium  than  calcium,^  and  the  muscles  of  mammalia  contain  in 
most  cases  more  magnesia  than  those  of  batrachia  and  fishes,  as  shown 
bj'^  Katz's  results. 

There.is  in  1,000  parts  of  fresh  muscle  of  the — 

Part 
ma^neBum. 

Dog , 0.2370 

Hog ' 2823 

Deer 2906 

Cat 2S63 

Man 2116 

Average 2611 

while  there  is  in  1,000  parts  of  fresh  muscle  of  the — 

Part 

magnesiaiD. 

Frog 0.2353 

Shade 1670 

Eel 1782 

Average 1935 

A  comparison  of  the  averages  shows  for  the — 

Magne-  Ma^e- 

Calcium.      Mium.        Calcium.  sinm. 

Muscles  of  mammalia 1     ;    3. 23    or    0. 31         :         1 

Muscles  of  frogs  and  fish 1     :      .75    or    1. 33        :         1 

Since  it  is  seen  that  glands  contain  more  calcium  than  muscles,  and 
that  the  muscles  of  lower  animals  contain  more  calcium  than  those  of 

«Arch.  f.  Entwicklungsmechanik,  Vol.  V,  p.  667. 

ft  If  the  gray  and  white  matter  of  the  brain  are  separately  analyzed,  however,  it  is 
found  that  the  gray  matter  is  richer  in  calcium  than  the  white,  as  Toyoni^  has 
shown.  This  is  again  in  accordance  with  the  increase  of  nuclear  mass  in  the  former. 
It  holds  good  also  after  the  fatty  matter  is  eliminated  in  both  cases.  In  1,000  parts 
of  the  gray  matter  of  calfs  brain  was  found  0.367  part  of  lime,  while  in  the  white 
matter  but  0.057  part 

<rhe  unusually  large  projwrtion,  0.3102  part,  found  by  Katz  in  the  pike,  may 
possibly  be  due  to  an  error. 
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die  higher  aDimaLs,  one  can  not  help  seeking  for  a  law  underlying 
these  facts,  which  are  in  full  accord  with  the  writer^s  inference  that 
the  amount  ofliine  munt  increase  with  that  of  the  nuclear  nuufs. 

In  this  connection  it  is  of  some  interest  to  compare  the  decrease  of 
magnesium  with  the  increase  of  calcium  observed  in  the  glands, 
as  shown  in  the  following  statement: 

RcUio  of  calcium  to  magnetium  in  certain  limneM  of  animals. 

For  tne  mnecles  of  mammalia 0.31  (Katz). 

For  the  white  matter  of  brain  (calf) 1. 141  (Tovonaea) 

For  the  white  matter  of  brain  (horse) 0. 30/ 

For  the  gray  matter  of  brain  (calf) 1. 72 

For  the  gray  matter  of  brain  (horse) 2. 80 

For  the  glands: 

Pancreas  (cattle) 6. 13  (Goasmann,  1899) . 

Pancreas  (man) 4.75  (Goflsmann,  1899). 

Pancreas  (man) 1. 73  (Luning,  1900). 

Pancreas  (?) 4.05  (Alog,  1900). 

Spleen  (cattle) 2.52  (Ribaut,  1900,  average  of  3  deter- 

minationfl). 

Spleen  (?) 6.79  (Alog). 

Pulp  of  spleen  (cattle ) 3. 451  ( Ribaut,  Jahresbericht  fur  Thier- 

Connective  tissue  of  spleen  (cattle) 2.  70/    chemich.,  vol.  30,  p.  492). 

Kidney  (?) 1.84  (Alog). 

Kidney  (cattle) 2.90  (Goaemann). 

Kidney  (man) 4. 25  (Gossmann). 

Lactiferous  gland  (cow) 4. 69  (Toyonaga). 

No  clear  observer  will  deny  that  there  must  be  a  reason  for  this  dif- 
ferent ratio  in  all  organs  rich  in  nuclear  mass  compared  with  the  ratio 
found  in  muscles  and  the  white  matter  of  the  brain. 

Some  data  re^rding  the  absolute  amounts  of  calcium  and  mag- 
nesium in  the  dry  matter  may  be  added.  In  100  parts  of  dry  matter 
of  the  organs  there  is — 


Elements. 


Calcium 

Magnesdiun. 


MnscleM  of 
mammalia. 


Per  end, 
0.0337 


.1090 


Spleen 

(Ribaut, 

averai^). 

Per  cent. 

0.141 

.066 


Lactlferouf« 
gland  (Toy 
onagn). 

Per  eent. 

0.173 

.088 


BEHAYIOR  OF  ANIMALS  TO  STRONTIUM  SALTS  AND  OXALATES. 

The  replacement  of  calcium  salts  by  strontium  salts  is  just  as  impos- 
sible in  animals  as  in  plants.  Not  even  in  the  formation  of  the  bones 
can  strontium  phosphate  take  the  place  of  calcium  phosphate.  Crae- 
mer  fed  a  rapidly  growing  young  dog  for  several  months  with  food 
poor  in  lime,  and  to  which  an  addition  of  strontium  phosphate  was 
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made,  and  as  a  result  great  softness  of  the  bones  and  rachitic  alteni 
tions  were  soon  obvious.  Weiske  arrived  at  the  same  conclusions  ani 
refuted  the  contrary  opinions  of  Papillion  and  K6nig.  In  the  presenoi 
of  sufficient  lime  the  poisonous  action  of  strontium  salts  upon  animal 
is  weak. 

The  writer^s  hypothesis  as  to  the  functions  of  lime  salts  makes  thi 
poisonous  action  of  soluble  oxalates  upon  animals  also  more  intelli^^ 
ble  than  it  has  been  heretofore.     The  chief  property  of  oxalates  is  tc 
transform  the  calcium  of  calcium  compounds  into  calcium  oxalate.     Ifj 
therefore,  the  nuclei  of  the  cells  contain  calcium  protein  compounds  in 
their  organized  structure,  the  removal  of  this  c*alcium  and  its  replace- 
ment b}'  the  sodium  or  potassium  of  the  oxalate  applied  must  alter 
the  capacit}*^  of  imbibition,  and  thus  cause  fatal  disturbances  of  the 
organized  structure.     Indeed,  oxalates  constitute  a  genemi  poison 
for  all  kinds  of  animals.*^    The  writer  has  demonstrated  that  in  a  0.5 
per  cent  solution  of  neutral  potassium  or  sodium  oxalate  Rotaiorta^ 
Copepoda^  and  acquatic  AHelUds  die  in  thirty  to  fifty  minutes,  leeches 
and  Plmiarla  succumb  a  little  later,  and  finally  (htracodeH  and  larvae  of 
insects  are  killed.    InfiiHoria^  FlugelUitay  and  Amo^xp  were  found  to  be 
dead  in  this  solution  after  fifteen  hours.     Even  a  0.1  per  cent  solution 
of  sodium  oxalate  will  kill  some  of  the  organisms  named,  such  as  Cojh;- 
poda  and  Rotatoria.     The  poisonous  action  for  vertebrates  was  known 
long  ago,  but  the  explanations  were  not  entirely  satisfactory.     Some 
authors  sought  the  cause  in  the  obstruction  of  the  vessels  of  the  kid- 
neys with  calcium  oxalate  and  in  inflammation  of  the  kidneys,  and 
others  believed  in  a  decomposition  of  the  oxalic  acid  with  the  produc- 
tion of  the  poisonous  carbonic  oxid,  but  the  irritation  and  the  final 
paralysis  of  the  vasomotoric  center  pointed  plainly  to  another  cause.* 

FINAL  REMARKS. 

The  writer's  deliberations  have  led  him  to  conceive  the  probable  I'ole 
of  calcium  and  magnesium  salts  in  the  living  cells.  This  view  is  in 
full  accord  with  various  facts  for  which  in  former  times  no  satisfactory 
explanation  was  reached. 

It  is  now  clear  why  magnesium  is  more  movable  in  plants  than  cal- 
cium, and,  further,  wh}^  the  calcium  content  increases  with  the  mass  of 
nuclear  substance  and  of  chlorophyll  bodies,  and  wh}^  magnesium  salts 
increase  wherever  phosphoric  acid  is  in  increased  demand  for  the  pro- 
duction of  lecithin  and  nuclein.     It  also  makes  it  perfectly  clear  why, 

^  Noxious  effects  on  tlie  bones  and  kidneys  and  sometimes  on  the  activity  of  the 
heart  have  been  noticed  after  feeding  cattle  with  vegetables  containing  soluble 
oxalates,  such  as  leaves  of  the  sugar  beet. 

.^The  fact  long  known  to  photographers,  that  badly  healing  sores  are  produced 
when  open  wounds  come  in  contact  with  oxalate  solutions,  deserves  particular  men- 
tion. 
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the  one  hand,  magneaium  .salts  become  poisonous  in  the  aljsenee  of 
Icium  salts,  and  why,  on  the  other  hand,  the  absence  of  niaf^nesium 
Its  in  an  otherwise  complete  culture  solution  leads  to  a  gradual  stop- 
of  ail  further  development  and  to  iinal  inanition.  The  formation 
the  nuclei  and  plastids  requires  calcium  as  well  as  magnesium  salts, 
former  for  the  production  of  calcium  nucleo-proteids  and  the  latter 
»r  making  possible  the  assimilation  of  phosphoric  acid.  If  lime  salts 
re  in  great  excess  in  a  neutral  medium,  the  formation  of  magnesium 
jlhosphate,  and  consequently  the  assimilation  of  phosphoric  acid,will  be 
^tarded^  since  the  lime  as  the  stronger  base  will  withhold  phosphoric 
^id  when  soluble  phosphates  come  in  contact  with  lime  salts.  Many 
plants,  therefore,  which  have  absorbed  too  much  lime  and  relatively 
too  little  magnesia  from  the  soil  precipitate  a  part  of  the  lime  in  the 
form  of  oxalate.  Indeed,  Monte verde "  ol)served  that  the  amount  of 
oxalic  acid  increases  with  the  amount  of  lime  absorl)ed. 

The  excess  of  lime  is  in  i-eality  the  cause  of  an  increased  production 
of  oxal]<*  acid — a  fact  best  explained  by  the  assum])tion  that  l)ef ore  car- 
bonic acid  is  finally'  produced  by  the  combustion  of  carl)ohydrat(»s  a 
series  of  organic  acids,  of  which  oxalic  acid  is  one  stage,  is  rapidly 
passed,  this  stage  being  fixed  by  the  presence  of  lime.  Similar  obser- 
vations were  also  made  by  Wehmer  with  fungi  in  culture  solutions 
to  which  lime  salts  were  added.  In  the  presence  of  lime  salts  there 
was  more  oxalic  acid  formed  than  in  its  absence,  or,  more  correctly 
expressed,  more  was  preserved  from  ]>eing  again  destroyed  by  further 
oxidation. 

The  fact  that  seeds  gene  rail  v  contain  much  more  magnesia  than  lime 
may  be  considered  an. interesting  case  of  adaptation.  A  rapid  develop- 
ment by  an  easy  assimilation  of  the  reserve  phosphoric  acid  is  thus 
a.ssured  -a  favorable  circumstance,  as  it  lessens  the  danger  of  the  mold- 
ing and  putrefying  of  the  seeds  sown  in  moist  ground.  The  same  plant, 
when  it  develops  chlorophyll,  however,  requires  more  lime  in  projwr- 
tion  to  magnesia  than  does  the  seedling  in  its  early  stages. 

According  to  Wolffs  calculations  of  the  minima  of  lime  and  mag- 
nesia for  oats  there  is  required  0.20  per  cent  of  MgO  and  0.25  per 
cent  of  CaO  for  the  dry  matter,  but  for  plants  with  more  abundant 
foliage  the  minimum  of  lime  would  be  larger.  The  proportion  of 
these  two  constituents  in  the  soils  is  a  more  potent  factor  in  the  result- 
ing crop  than  is  generally  supposed.  The  man}'  contradictory  state- 
ments in  regard  to  the  influence  of  magnesia  in  the  soils  are  easily 
explained  b}'  the  aid  of  the  above  theory.  A  soil  rich  in  magnesia 
will  be  damaged  by  liming  with  magnesian  limestone,  since  this  would 
increase  still  more  the  already  large  amount  of  magnesia,  while  a  soil 
very  poor  in  magnesia  may  l)e  benefited  by  it.  In  the  application  of 
kainit  and  carnallit  not  only  the  chlorids  but  also  the  magnesia  content 

oBot.  Jahre8^>er.  f.  1890,  p.  75. 
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of  these  potash  fertilizers  has  to  be  considered,  and  eventually  limu) 
has  to  be  carried  on  in  conjunction  with  it. 

A  question,  then,  of  considerable  importance  for  agriculture  is  t| 
judicial  regulation  of  the  lime  and  magnesia  content  of  the  soil,  espl 
cially  when  mineral  fertilizers  are  employed.  This  regulation  mu^ 
be  based  on  the  knowledge  of  the  readily  assimilated  amounts  of  tberi 
bases.  Hence  only  the  finer  soil  particles  should  serve  for  analysi) 
When  a  soil  is  much  richer  in  magnesia  than  in  lime  extensive  limii 
is  necessary.  The  liming  should  be  done  chiefly  with  the  carbom 
and  only  in  part  with  slaked  lime  and  the  sulphate.  On  the  othi 
hand,  when  the  magnesia  content  is  much  less  than  that  of  lime 
addition  of  a  powdered  magnesian  limestone  or  magnesite  is  necessai 
Burned  magnesite  and  artificially  precipitated  magnesium  carboi 
must  be  avoided  under  all  circumstances,  since  they  are  too  fin^ 
divided  and  too  easily  absorbed.  . 

Experiments  to  determine  the  most  favorable  ratio  of  lime  to  magi 
nesia  have  recently  been  madiB  by  D.  W.  May  (1900),  in  Washington,^ 
and  by  K.  Aso  and  F.  Furuta  (1001),  in  Tokyo.*  The  results  of  theat 
experiments  show  that  cereals  thrive  best  when  the  lime  content  oc 
the  soil  only  slightly  exceeds  that  of  magnesia.  Crops  having*  morej 
abundant  foliage,  however,  require  considerably  more  lime.  For  th^i 
most  luxuriant  development  cabbage  needs  twice  as  much  lime  as  mag-| 
nesia,  while  buckwheat  requires  three  times  as  much  lime  bs  magnesia.j 

"Bull.  1,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  The  Belation  U 
Lime  and  Magnesia  to  Plant  Growth,  Washington,  1901.  [On  page  34  read  0.05cm. 
and  0.02  cm.  instead  of  0.5  cm.  and  0.2  cm.] 

ftBuU.  College  of  Agriculture,  Tokyo,  1901,  Vol.  IV,  No.  5. 
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THE  PROPAGATION  OF  TROPICAL  FRUIT  TREES 

AND  OTHER  PLANTS. 


INTROBUCTION. 

The  purpose  of  this  bulletin  is  to  furnish  short  notes  dealing  with 
the  most  feasible  methods  of  propagating  such  tropical  and  subtropical 
fruit  trees  and  other  economic  plants  as  have  thus  far  received  little 
or  no  attention  in  the  United  States  and  its  near-by  tropical  possesj5ions. 

Considerable  progress  has  already  been  made  in  introducing  new 
and  improved  varieties  of  the  fruits  mentioned  here,  and  experiments 
are  Ixnng  carried  on  with  a  view  to  simplifying  the  old  methods  of 
increasing  the  supply  of  these  plants. 

The  seeds  of  many  varieties  of  trees  and  other  plants  have  been 
sown  to  produce  fruiting  specimens,  notably  the  mango  and  the  loquat. 
The  result  of  this  method  of  propagation  has  almost  invariably  been 
only  a  partial  success  with  most  of  the  subjects  and  wholly  unsatisfac- 
torv  with  others. 

Where  seeds  of  any  desirable  fruit  trees  are  available,  they  should, 
of  course,  be  sown  and  the  seedlings  planted  out  in  permanent  loca- 
tions when  large  enough;  but  these  seedlings  should  only  be  used  as 
stocks  on  which  to  bud  or  graft  varieties  of  known  value.  In  few 
cases  can  seedlings  be  depended  upon  for  the  production  of  fruit;  the 
product  is  almost  certain  to  be  of  inferior  qualit3\  Even  if  the  parent 
tree  be  of  a  superior  variety,  seedlings  are  likely  to  revert  to  the 
original  species.  Therefore,  as  the  seedlings  of  tropical  fruits  are  as 
a  rule  of  healthy  and  vigorous  growth,  their  best  use  will  be  to  supply 
a  good  foundation  on  which  to  work  scions  from  good  trees. 

Other  economic  plants,  such  as  tea  and  Manila  homp,  have  also  been 
found  to  yield  better  products  when  propagated  vegetatively  than 
when  grown  from  seeds.  The  hemp  plant  belongs  to  a  division  of  the 
vegetable  kingdom  the  members  of  which  do  not  readily  lend  them- 
selves to  either  budding  or  grafting,  but  it  can  be  propagated  (juickly 
by  other  means  of  vegetative  reproduction.  The  tea  plant  may  also 
be  multiplied  vegetatively  without  resorting  to  budding  or  gmfting. 

As  the  propagation  of  most  of  the  trees  and  plants  dealt  with  in 
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this  paper  can  be  accomplished  by  the  use  of  but  few  of  the  methods 
of  budding  and  grafting,  only  those  methods  which  it  is  necessarj^  to 
employ  will  be  described  in  detail. 

THE  MANOO. 

rROSPECTS  AS  A   FliUIT  TREE. 

The  Department  of  Agriculture  is  constantly  in  receipt  of  letters 
from  present  or  prospective  growers  of  the  mango  in  the  subtropical 
regions  of  the  United  States  and  its  tropical  possessions,  asking  for 
instructions  as  to  the  F)est  method  of  propagating  the  finer  varieties  of 
the  mango.  Like  most  other  fruit  trees,  it  has  been  found  that  even 
w^hen  the  seeds  of  good  varieties  arc  planted  the  fruit  of  the  resulting 
seedlings  is  almost  invariably  inferior  to  that  of  the  parent. 

The  mango  will  undoubtedly  grow  in  popular  favor.  At  present, 
unfortunately,  it  is  suffering  from  a  bad  reputation,  owing  to  the  fact 
that  the  fruits  which  have  been  placed  before  the  public  in  recent 
3  ears  have  been  grown  mainly  from  seedling  trees  that  are  onlj'  fit  to 
be  used  as  stocks  or  wind-breaks.  The}"  are  in  fact  wild  or  jungle 
mangoes  and  bear  the  same  relation  to  the  improved  forms  that  the 
crab  apple  does  to  the  Baldwin  or  Ben  Davis  apple.  The  prejudice 
which  exists  against  them  will,  it  is  believed,  disappear  when  the  finer 
varieties  become  known.  This  will  not  be  in  a  vear  or  two,  because 
there  are  comparatively  few  plants  in  the  country  which  are  worthy 
of  growing,  and  so  far  as  the  writer  is  aware  the  fruit  of  onh'  one  of 
them  has  found  its  way  North. 

A  short  cut  to  success  in  raising  a  large  number  of  trees  of  any 
approved  variety  is  found  in  budding,  or  transferring  a  single  bud, 
with  a  good-sized  piece  of  bark  attached,  from  a  good  variety  to  the 
stem  or  branch  of  a  healthy  stock  plant  raised  from  seed.  In  this 
wa.y,  from  the  growth  made  by  the  bud,  exactly  the  same  fruit  is 
obtained  as  that  produced  by  the  tree  from  which  the  bud  was  taken. 
The  stock  on  which  the  bud  is  inserted  mav  be  dwarf  or  tall;  it  mav 
be  vigorous  or  otherwise,  and  to  the  extent  that  these  peculiarities 
occur  in  the  stock  it  will,  in  a  large  u^asure,  transmit  similar 
peculiarities  to  the  growth  of  the  scion.  But  if  the  fruit  of  the  stock 
should  ])e  of  a  fibrous  nature  and  of  an  undesirable  flavor,  these  char- 
acteristics exercise  no  influence  whatever  upon  the  fruit  of  the  scion. 
Therefore  nothing  is  gained  by  propagation  from  seed  beyond  per- 
haps the  raising  of  new  forms  arising  from  artificially  pollinated 
flowers  or  otherwise. 

There  is  every  probability  that  the  finer  varieties  of  Asiatic  origin 
will  soon  })e  grown  in  the  South  nuich  more  extensively  than  hereto- 
fore. Not  only  has  the  Department  of  Agriculture  had  its  agents  on 
the  lookout  for  improved  varieties  in  India  and  elsewhere,  i-esulting 
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in  several  consignments  to  the  Department  greenhouses  of  man}'  kinds 
reputed  to  be  of  great  value,  but  a  few  private  growers  have  also  l>een 
importing  some  varieties  which  are  highly  praised.  The  acquisition 
bv  the  United  States  of  tropical  {x>sse8sions  will  render  the  cultivation 
of  the  mango  of  greater  importance  than  ever.  The  fruit  can  not  lie 
imported  from  the  Philippines,  but  it  will  be  an  easy  matter  to  import 
young  plants  of  the  best  of  the  many  varieties  growing  there.  In 
Porto  Rico  the  tree  thrives  verv  luxuriantlv  and  the  fruit  srrown  there 
can  be  landed  in  New  York  within  five  days;  but  there  is  a  large  tract 
of  land  in  southern  Florida  where  the  mango  thrives  to  perfection, 
and  when  once  the  growers  become  acquainted  with  the  best  methods 
of  propagation,  so  that  only  the  finest  kinds  shall  be  grown,  the  estab- 
lishment of  a  large  and  profitable  industry  may  be  expected,  for  it  is 
reasonably  certain  that  the  demand  for  mangoes  of  good  variety  will 
always  keep  pace  with  the  supply. 

PROPAGATION   IN    INDIA. 

In  India,  the  home  of  mango  growing,  propagation  is  effected  by 
very  crude  methods,  grafting  by  approach  being  the  principal  one. 
The  union  is  made  in  several  ways.  Sometimes  two  stocks  are  planted 
close  enough  together  so  that  a  union  may  be  secured  on  both  with  a 
sinorle  branch  of  a  desirable  varietv.  The  method  is  shown  in  Plate 
I.  figs.  1  and  3.  Another  method,  shown  in  Plate  I,  fig.  2,  consists  in 
preparing  the  stock  as  in  saddle  grafting;  an  incision  is  then  made  in 
the  thick  part  of  a  branch  of  the  variety  to  be  propagated,  and  this 
is  fitted  over  the  wedge-shaped  top  of  the  stock.  The  percentage  of 
j^uccessful  unions  hy  these  devices  is  said  to  be  sometimes  quite  high 
compared  with  more  rational  methods,  but  the  unions  are  never  as 
satisfactory  as  could  be  desired.  The  young  trees  have  to  be  sup- 
ported by  tying  them  to  stout  sticks,  as  there  is  danger  of  their  being 
snapped  off  at  the  union  })y  windstorms. 

Grafting  by  approach  or  inarching  has  hitherto  been  the  principal 
method  of  grafting  in  Florida  and  elsewhere  in  America,  but  for  the 
reasons  indicated  above  very  little  progress  has  been  made  in  increas- 
ing the  supply  of  first-class  varieties. 

PROPAGATING    TESTS   AT   THE    DEPARTMENT. 

Numerous  budding  and  grafting  tests  have  been  conducted  in  the 
greenhouses  of  the  Department  of  Agriculture,  beginning  in  the  latter 
part  of  1901  and  continuing  through  the  following  summer.  The 
trials  were  not  as  extensive  as  could  be  wished,  owing  to  lack  of  good 
niaterial.  In  spite  of  this  drawback  the  results  were  not  without 
value,  and  it  is  doubtful  whether  thev  would  have  been  different  had 
the   trials   been   on   a   much  larger   scale.      The  experiments  were 
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inaugurated  to  determine  the  best  wood  for  budding  and  grafting, 
because  it  is  evident  that  one  of  the  principal  reasons  for  so  niany 
failures  in  the  propagation  of  the  mango  is  the  use  of  the  wrong  kind 
of  wood,  especially  for  budding. 

BEST   AGE    FOR   WOOn. 

It  has  been  found  that  very  indifferent  results  are  obtained  from 
wood  which  is  less  than  a  year  old,  but  very  satisfactory  unions  have 
been  secured  by  the  use  of  bud  wood  from  branches  from  one  to  six 
years  old.  This  is  not  to  be  wondered  at,  at  least  from  the  propagators 
point  of  view,  when  we  consider  that  the  wood  of  the  mango  takes  a 
longer  time  to  mature  than  that  of  most  of  the  fruit  and  forest  trees  of 
ttis  country.  The  mango  makes  several  distinct  growths  or  '*  flushes" 
each  siunmer;  it  will  make  a  shoot  with  a  number  of  leaves,  then  rest 
for  a  few  weeks,  when  the  terminal  bud  of  the  shoot  will  again  start 
into  growth.  This  is  repeated  in  many  instances  as  often  as  seven 
times  before  the  close  of  the  growing  season.  B}^  midsummer,  the 
wood  of  the  first  growth  looks  to  the  uninitiated  as  if  it  were  much 
older  than  it  really  is,  and  this  same  wood  is  that  which  is  commonly 
selected  to  give  material  for  budding. 

THICK    BARK   OF   MANGO    AN   OBSTACLE   IN   BUDDING. 

in  connection  with  these  experiments  it  was  observed  also  that  part 
of  the  difficulty  experienced  in  budding  the  mango  may  be  ascribed  to 
the  thickness  of  the  bark,  which  does  not  allow  a  good  union  to  be 
made  by  the  usual  methods  employed  in  budding  thin-barked  tree^. 
In  shield-budding  the  mango,  where  the  bark  is  raised  on  each  side  of 
the  longitudinal  cut  in  the  stock  and  the  bud  inserted,  there  is  too 
much  air  space  left,  resulting  in  almost  every  case  in  the  death  of  the 
bud  through  the  shrinking  of  the  bark  when  not  sufficiently  supplied 
with  moisture  from  the  stock.  The  bark  to  which  the  bud  is  attached 
will  shrivel  to  one-half  its  original  bulk  in  a  da}''  or  two.  Decay  will 
then  almost  certainly  set  in.  In  budding  it  is  imperative  that  as  close 
a  fit  as  possible  be  secured  on  all  sides,  and  that  the  parts  be  waxed 
and  held  firmly  in  place  with  a  strong  ligature  until  a  union  is  effected. 
These  details  can  only  be  carried  out  by  giving  very  close  attention  to 
the  work. 

KNIFE   FOR   BUDDING   THE    MANGO. 

The  ordinary  budding  knife  is  not  the  best  tool  for  the  purpose  of 
preparing  buds  and  places  for  them.  There  are  tools  on  the  market 
for  cutting  and  lifting  sections  of  bark  from  stocks  and  scions  which 
are  more  or  less  serviceable.  A  good  device  for  this  work  can  be 
easily  made  with  two  knife  or  nizor  blades,  which  should  be  firmly 
fixed  in  a  piece  of  wood  so  that  the  edges  will  be  apart  from  each  other 
from  an  inch  to  an  inch  and  a  quarter.     This  instrument  should  be 
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|tt?ed  for  cutting  through  the  bark  of  the  stoi'k  and  marking  that  of 
le  scion,  or  vice  versa,  as  it  will  be  found  that  the  bud  with  a  section 
of  bark  attached  will  not  fit  tightly  into  the  place  made  for  it  by  the 
cutter.  In  the  case  where  the  section  of  bark  has  to  t)e  cut  bv  a  knife 
the  marks  will  indicate  just  where  it  is  necessary  to  make  the  s«»ction 
large,  so  that  a  tight  fit  will  >)e  secured. 

METHODS   WHICH   SHOW   BEST   RESULTS. 

In  the  course  of  the  Department  experiments  the  writer  discovered 
that  b}-  the  use  of  a  method  of  attaching  buds  described  in  the  seven- 
teenth century  the  finer  varieties  of  the  mango,  with  skillful  handling, 
may  be  propagated  quite  as  easily  as  the  peach  or  other  fruit  tree. 

APPLYING   THE   BIDS. 

Two  or  three-year-old  seedlings  and  moderate-sized  trees  may  l)e 
used  as  stocks  on  which  to  bud  approved  varieties  of  the  mango.  The 
stems  selected  for  the  reception  of  the  buds  should  be  at  least  an  inch 
in  thickness.  When  of  this  diameter,  both  wood  and  bark  are  thor- 
oughly ripe,  and  the  union  of  the  scion  with  the  stoi*k  will  be  easily 
accomplished  if  the  operation  of  inserting  the  buds  is  perfornunl  rare- 
fully.  The  method  of  budding  which  has  been  found  to  work  most 
satisfactorily  (PI.  II,  fig.  1)  consists  in  removing  a  rectangular  piece 
of  bark  from  the  stock  and .  inserting  a  piece  similar  in  shape  and  a 
trifle  larger  in  size,  having  a  bud  in  the  center,  from  a  branch  of  a 
desirable  variety.  This  method  of  budding  was  described  by  Ro})ert 
Sharrock  in  his  History  of  the  Propagation  and  Improvement  of 
Vegetables,  published  in  1672. 

The  only  departure  from.  Sharrock's  method  of  budding  as  used  in 
the  case  of  the  mango  at  the  present  time  is  that  the  bud,  instead  of 
being  taken  from  new  growth,  must  be  selected  from  wood  old  enough 
to  have  lost  its  foliage.  This  means  that  the  bud  wood  will  sometimes 
be  over  2  years  old.  The  use  of  bark  of  this  age  and  even  older 
insures  success  in  budding  the  mango,  as  it  unites  rapidly  with  bark 
of  a  similar  age  on  seedling  stocks  or  on  branches  of  trees.  To  a  cer- 
tain extent  success  depends  upon  the  precision  with  which  the  section 
of  bark  is  removed  from  the  stock  and  also  from  the  varietv  to  be 
propagated,  as  the  more  neatly  the  bud  section  is  fitted  into  the  space 
prepared  for  it  the  greater  the  probability  of  a  successful  union. 

After  the  section  of  bark  from  the  bud  stick  is  nicely  fitted  in  place, 
and  before  tying,  a  small  quantity  of  grafting  wax  should  be  smeared 
over  the  parts  where  they  come  together  and  tied  firmly  in  place  with 
thick  strands  of  raffia  (PI.  II,  fig.  1,  C).  This  effectually  prevents  the 
admission  of  air  to  the  spaces  which,  no  matter  how  carefully  the 
operation  be  performed,  exist  between  stock  and  scion;  it  also  serves 
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to  prevent  moisture  from  gaining  access  to  the  cut  surfaces.  The  cul 
surfaces  and  all  but  the  bud  should  then  be  covered  with  strips  ol 
cloth  dipped  in  melted  paraffin,  wrapping  being  begun  at  the  lowei 
part,  so  that  when  finished  water  will  not  gain  entrance  to  the  wrapped 
section  of  bark.  If  that  part  of  the  stock  where  the  bud  is  tied  be 
exposed  to  the  sun,  it  is  always  advisable  to  furnish  shade,  whicli  is 
best  supplied  by  strips  of  paper  tied  above  the  bud  and  extending 
down  over  it.  Two  weeks  may  be  allowed  to  pass  before  an  examina- 
tion is  made.  The  cloth  wrappings  may  then  be  removed  and  the 
raffia  should  be  loosened  if  there  is  danger  of  its  cutting  into  the 
bark.  When  a  sufficient  time  has  elapsed  to  make  certain  that  a 
union  has  taken  place,  part  of  the  top  of  the  stock  should  be  removed 
in  order  to  encourage  the  bud  to  start.  This  it  will  do  with  very  little 
coaxing. 

When  sufficient  growth  has  been  made,  all  of  the  stock  above  the 
bud  may  be  removed  and  the  cut  part  coated  with  liquid  grafting  >^ax 
or  tar  to  excl-ude  moisture  and  prevent  rotting. 

WHEN   TO   BUD. 

Budding  may  be  performed  at  any  time  during  the  growing  season, 
but  with  each  plant  there  are  certain  periods  when  the  opemtion  will 
bo  found  to  be  more  successful  than  at  other  times.  These  periods 
arc  indicated  b}"  the  growths  or  "flushes"  being  about  half  develoj^ed. 
At  these  times  the  sap  appears  to  be  more  active  than  at  others,  as  the 
bark  peels  from  the  wood  more  readily  than  when  the  growths  are  of 
tirnier  texture. 

SELKCTION    OF    BUDDING    MATERIAL. 

This  part  of  the  operation  is  of  the  utmost  importance  because 
suc<*c.ss  depends  to  a  great  extent  upon  the  use  of  proper  buds.  Many 
growlers  who  have  tried  to  work  buds  of  good  varieties  on  seedling 
stocks  are  under  the  impression  that  the  operation  is  an  exceedingly 
difficult  one,  ))ut  this  idea  has  arisen  from  the  fact  that  the  work  has 
been  prosecuted  in  a  manner  contrary  to  the  demands  of  the  structural 
details  of  the  plant. 

The  mango  is  not  the  only  tree  which  does  not  take  kindly  to  young 
buds:  in  fact  its  propagation  as  carried  on  at  the  Department  of 
Agriculture  was  suggested  to  the  writer  during  some  experiments  in 
the  propagation  of  the  pecan  by  budding,  as  described  in  Bulletin 
No.  80  of  the  Bureau  of  Plant  Industry.  As  has  already  been  stated 
the  1 -year-old  wood  of  the  mango  is  quite  immature  and  comes  far 
short  of  furnishing  the  best  buds  for  propagation;  therefore  wood 
under  this  age  should  not  be  employed  for  budding  if  other  material 
can  1)0  had. 
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A   SECOND    METHOD   OK   ATTACHING    THE    Bl'D. 

Another  method  of  attaching  the  bud  varying  .slightly  in  the  details 
from  that  given  above  has  been  practiced  during  the  past  season  at 
Miami,  Fla.,  with  an  encouraging  degree  of  success.  This  method  is 
shown  in  Plate  II,  fig.  2.  The  bud  section  differs  from  the  rectangular- 
shaped  piece  of  bark  in  that  one  end  of  it  is  ]:)ointed  instead  of  being 
cut  straight  acroas,  which  makes  it  possible  to  push  the  bark  of  the 
gcion  down  tight  against  the  bark  of  the  stock;  the  top  part  is  then 
cut  off  square  with  the  transverse  cut  in  the  bark  of  the  stock,  and  is 
pressed  firmly  into  position  previous  to  tying  and  waxing  in  the 
a:?ual  way. 

RAISING    SEEDLINIJ    STOCKS. 

The  mango  does  not  readih'  lend  itself  to  propagation  ]>y  cuttings 
on  account  of  the  green  or  immature  condition  of  the  shoots  while 
the  wood  is  still  small  in  diameter.  The  writer  has  tried  several 
batches  of  cuttings  under  varied  conditions  but  always  with  poor 
success;  they  invariably  callus  well,  but  roots  are  slow  to  form,  and 
when  a  cutting  does  produce  a  root  it  is  usually  a  single  fiber  of  so 
anall  and  brittle  a  nature  that  the  rooted  cutting  is  diflScult  to  tmns- 
plant  from  the  sand  bed  into  pots  or  to  the  open  ground. 

It  is  necessary,  therefore,  to  have  recourse  to  seeds  for  the  purpose 
of  supplying  plants  to  use  as  stocks  for  budding.  The  seeds  should 
be  sown  very  soon  after  being  taken  from  the  fruit,  as  they  lose  their 
Titality  shortly  after  the  fruit  is  ripe.  Especially  is  this  the  case  when 
the  seeds  are  allowed  to  dry  for  a  few  days.  The  seed  of  the  mango 
resembles  that  of  the  omnge  in  that  it  often  contains  several  embryos. 
Out  of  a  batch  of  several  hundred  seeds  sown  in  the  Department 
gi'eenhouses  during  the  past  season  it  was  conmion  to  find  instances 
where  from  two  to  five,  and  in  a  few  cases  no  less  than  eleven,  seed- 
lings were  produced  from  single  seeds.  Plate  III  shows  eight  planth^ts 
all  springing  from  one  seed.  This  condition  is  not  desirable,  however, 
as  in  those  ca.ses  where  more  than  one  or  two  seedlings  sprout  from 
the  same  seed  they  are  asually  of  weak  growth,  and  it  is  (iuestiona})le 
whether  they  should  be  grown,  especially  when  seeds  are  plentiful. 

From  the  time  the  seeds  are  sown  until  the  plumules  appear  al)ove 
ground,  the  seed  boxes  or  beds  should  be  out  of  the  reach  of  heavy 
rains,  as  the  subterranean  seed  leaves  are  liable  to  rot  when  the  soil  is 
kept  wet  for  any  length  of  time. 

W^hen  shallow  garden  flats  are  used  in  which  to  raise  the  seedlings 
the  roots  are  under  better  control  for  future  planting  than  if  they 
were  sprouted  in  beds  or  frames.  An  excellent  medium  in  which  to 
sprout  the  seeds  is  half-decayed  leaves.  A  layer  of  leaves  1  inch  thick 
is  placed  in  the  bottom  of  a  flat;  on  this  the  seeds  are  deposited  at 
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sufficient  distances  from  each  other  to  cover  less  than  half  the  space. 
About  an  inch  of  half -decayed  leaves  is  then  placed  over  the  seeds  an<] 
pressed  down  firmly,  the  sowing  being  completed  by  slightly  dampen- 
ing the  surface  with  a  sprinkler. 

If  the  surface  layer  of  rotted  leaves  becomes  dry  at  any  time  f 
gentle  watering  should  be  given,  taking  care  not  to  soak  the  contents 
of  the  boxes.  It  is  undoubtedly  a  safe  plan  to  keep  the  contents  ol 
the  boxes  rather  dr}"  than  otherwise  during  the  sprouting  period. 

TKAN8PLANTIXCS    YOUNG   BEEDLINGS. 

Germination  is  somewhat  irregular;  the  first  sprouts  will  appear  in 
three  or  four  weeks  after  sowing,  but  others  will  continue  to  appeal 
for  several  weeks  later.  Nothing  is  gained,  leather  the  I'everse,  bj 
transplanting  the  seedlings  when  quite  young;  it  is  best  to  wait  until 
the  leaves  of  the  first  growth  change  from  reddish  brown  to  dark 
green.     The  seedlings  can  then  be  transplanted  without  wilting. 

By  the  time  the  leaves  of  the  seedlings  reach  a  deep-green  color  a 
considerable  quantity  of  roots  will  have  fonned  which  are  capable  ol 
being  removed  from  the  flats  without  much  injury,  and  if  proper  care 
is  exercised  in  those  cases  where  there  are  several  plantlets  from  the 
same  seed  they  may  be  disentangled  successfully.  Strong  seedlings 
may  go  directly  into  4-inch  pots.  Deep  bamboo  pots  are  much  to  be 
preferred  when  available,  as  owing  to  their  greater  depth  there  is  less 
danger  of  the  roots  becoming  matted  while  in  the  pots. 

Immediately  after  the  potting  comes  the  crucial  period  in  the  life  of 
the  seedling,  because  there  is  danger  of  the  leaves  flagging,  through 
the  loss  of  a  great  deal  of  sap  at  a  time  when  the  roots  are  not  in  a 
condition  to  replace  it.  Therefore,  until  the  roots  gradualh^  recover, 
it  is  advisable  to  keep  the  plants  in  a  shaded  house  or  frame  and  at  the 
same  time  to  supply  a  fairly  humid  atmosphere. 

There  is  no  necessit}'  for  keeping  the  3'oung  plants  in  pots  for  a  long 
period.  When  the  second  or  third  growth  has  been  made  and  hard- 
ened considerablv,  the  new  roots  will  have  taken  sufficient  hold  of  the 
soil  to  insure  the  successful  growth  of  the  plant  after  it  has  been  set 
out  in  its  permanent  position. 

The  soil  to  be  used  in  potting  should  consist  of  fibrous  loam,  with 
sand  and  leaf  mold  in  small  quantities.  In  potting,  the  soil  should 
not  be  rammed  very  firm  for  fear  of  bruising  the  roots,  which  are 
unusually  tender.  While  the  seedlings  are  in  the  pots  watering  will 
have  to  be  performed  as  carefully  as  when  in  the  seed  boxes,  to 
prevent  souring  of  the  soil  and  the  consequent  rotting  of  the  roots. 

IMPORTING   MANGO    SCIONS. 

Scions  of  the  improved  varieties  of  the  mango  cost  much  less  than 
plants  to  import  from  India  and  elsewhere  in  the  Orient,  but  as  a  rule 
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they  arrive  in  the  United  States  in  an  unsatisfactory  condition.  With 
the  purpose  of  ascertaining  the  most  favorable  methods  of  packing, 
Messrs.  Lathrop  and  Fairchild,  the  agricultural  explorers,  recently 
sent  several  tin  cases  of  scions  of  the  Jaffna  mango  to  the  De])artnient 
and  the  results  obtained  are  of  considerable  importance  for  the 
guidance  of  intending  importers.  The  batch  of  scions  forwarded  from 
Colombo,  Ceylon,  on  April  6,  1902,  and  received  at  the  Department 
Ma}'  r>,  consisted  of  four  cylindrical  tin  tubes.  One  case  contained 
bud  sticks  each  less  than  three-quarters  of  an  inch  in  diameter,  the 
ends  of  all  being  covered  with  collodion.  The  bud  sticks  were  after- 
wards dipped  in  clay  mud,  which  formed  a  ver}'  tenacious  covering. 
These  scions  were  packed  with  a  small  amount  of  moist  coir,  and 
arrived  in  fairh'  good  condition,  although  they  were  comparatively 
young  gi'owths.  The  same  method  of  forwarding  could  prolmbh'  l)e 
successfully  applied  to  older  wood,  which  ha.s  been  proved  to  be  of 
much  greater  service  in  budding  opei-ations. 

Another  case  contained  scions,  half  of  which  were  wrappi^d  in  tin 
foil  and  the  other  half  without  wrapping.  All  were  coated  with  col- 
lodion on  the  cut  surfaces  and  packed  in  pure,  fresh,  moist  sawdust. 
The  contents  of  this  box  were  almost  dead  when  opened,  those  scions 
which  were  wrapped  in  tin  foil  showing  more  signs  of  life  than  the 
others.  The  scions  in  the  third  case  were  treated  similarlv  to  those  in 
the  second  box,  except  that  the  packing  material  was  moist  coir  instead 
of  moist  sawdust,  plent}'  of  air  space  being  provided.  These  scions 
were  in  an  advanced  stage  of  decomposition.  In  the  fourth  lot  the 
scions  were  wrapped  in  tin  foil  and  packed  in  moist  sawdust  mixed 
I  with  ix)wdered  charcoal.     In  this  instance  all  were  dead. 

THE  LOQUAT. 

REGIONS    WHERE    THE    LOQirAT   MAY    BE    (iROWX. 

The  loquat  {ErUihiAnja  japontca)  is  a  native  of  r Japan  and  China. 
Its  possibilities  as  a  fruit  tree  have  long  been  known  in  the  South, 
where  it  is  capable  of  being  grown  to  perfection  in  several  States. 
Young  plants  have  proved  hardy  during  mild  winters  at  Washington, 
D.  C.,  but  when  the  temperature  falls  to  zero  and  remains  so  for  any 
length  of  time  the  plants  are  injured  permanently.  As  the  flowers  of 
the  lo<|uat  are  produced  during  the  autumn  months,  }>oth  flowers 
and  fruit  are  likely-  to  be  injured  by  cold;  for  this  reason  there  is 
little  probability  of  the  loquat  being  grown  for  fruiting  purposes  in 
regions  where  severe  frosts  are  frequent. 

However,  there  is  a  large  tract  of  territory  where  the  fruit  may  ])e 
successfully  produced  in  this  country.  From  Charleston  south  along 
the  coast  belt,  in  the  Gulf  States,  and  in  California  south  of  the 
thirty -eighth  parallel  it  is  quite  hardy,  and  in  some  parts  of  New 


16       PROPAGATION  OF  TROPICAL  FRUIT  TREES,  ETC. 

Mexico  and  Arizona  it  will  probably  be  found  to  thrive.  In  several 
States  it  ripens  very  large  crops  of  fruit.  Its  period  of  blooming 
extends  from  September  till  frost,  according  to  variety  and  location; 
the  fruit  ripens  in  spring. 

In  the  more  temperate  regions  many  trees  have  been  planted;  most 
of  them,  however,  are  of  seed  origin,  and  it  may  confidenth"  be  said 
that  were  they  of  the  finer  varieties  such  as  are  cultivated  in  some 
parts  of  the  Old  World,  the  fruit  would  be  more  appreciated  through- 
out the  country.  The  trees  at  present  in  cultivation  may  be  put  to  a 
very  good  use;  they  can  })e  very  easily  worked  with  now  varieties,  as 
the  loquat  is  one  of  the  easiest  su})jects  with  which  the  propagator 
has  to  deal. 

The  agents  of  this  Department  have  of  late  l)een  assiduous  in  col- 
lecting ne^v  or  little-known  varieties,  principally  from  the  Mediter- 
ranean region,  but  also  from  China  and  Japan,  and  there  are  now  in 
the  Department  greenhouses  several  kinds  of  great  promise,  from 
which  a  considera})le  quantity  of  bud  wood  may  be  distributed.  Some 
of  these  varieties  are  said  to  be  nearly  seedless,  a  chai'acteristic  much 
to  be  desired,  as  the  seeds  are  ordinarily  quite  large  and  occupy  a 
considerable  portion  of  the  fruit. 

RAISING   SEEI)LIN(;    STOCKS. 

In  a  favomble  climate  the  loquat  bears  heavy  crops  of  fruit  annually, 
and  so  gives  an  abundant  supply  of  seed  from  whi(*h  to  raise  plants  to 
use  as  stocks  for  the  reception  of  buds  and  grafts  of  the  improved 
varieties.  It  will  be  found  that  when  a  tree  sets  a  large  quantity  of 
fruit,  a  certiiin  proportion  will,  within  a  short  period,  attain  medium  size 
and  change  color  suddenly.  These  fruits,  however,  are  almost  taste- 
less, there  being  very  little  pulp  in  them;  but  the  seeds  are  invariably 
good,  and  from  the  fact  of  ripening  early  they  will,  if  sown  as  soon 
as  gathered,  produce  larger  plants  by  the  end  of  the  growing  season 
than  the  seedlings  raised  from  seeds  which  ripen  later.  As  3'oung 
lociuat  plants,  budded  or  otherwise  propagated,  are  not  so  difficult  to 
transplant  as  are  the  great  majority  of  evergreen  trees,  there  is  little 
necessity  for  pot  cultivation,  as  the  work  of  propagation  can  be  per- 
formed in  the  open  air  without  encountering  any  serious  difficulty. 
The  seeds  should  be  sown  an  inch  deep,  a})out  O  inches  apart,  in  rows 
distant  from  each  other  from  2  to  3  fec^t,  to  allow  horse  cultivation 
and  to  give  an  abundance  of  space  for  the  operator  to  work  when 
budding.  After  sowing,  the  ground  should  1)0  covered  with  an  inch 
or  two  of  long  stable  litter,  or  any  other  material  which  will  shelter 
the  ground  from  the  sun  and  at  the  same  tune  ])e  easily  removed  when 
the  sprouts  appear  through  the  soil.  At  this  period  very  careful 
cultivation  is  necessary,  as  it  is  imperative  that  the  surface  soil  in  the 
immediate  vicinit}"  of  the  3'oung  plants  should  be  kept  loose. 


thp:  fio.  17 

The  «eedlinj^s  will  not  make  sutticieiit  progress  to  jn'rinit  budding 
operations  during  the  fir^^t  s^^ason,  hut  by  midsummer  of  the  seaijon 
following  they  will  have  attained  sufficient  size  of  stem  for  the  buds 
to  be  attached  with  ease.  Thev  have  been  found  after  nianv  trials  to 
unite  best  hy  the  common  shield  method.  Plate  IV,  fig.  2,  shows  a 
3-vear-old  stork  budded  two  vears. 

Bud.s  should  1k»  selected  from  well-ripened  branches  of  small  diam- 
eter, a«  these  are  easier  to  insert  than  buds  taken  from  young  succulent 
growths.  The  bark  on  1  or  2-year-old  seedlings  is  (juite  thick  and 
easily  bruised,  and  does  not  lift  well;  therefore,  when  buds  from  thick 
and  succulent  wood  are  used  there  is  always  difficulty  in  placing  them 
under  the  bark  of  the  stoi'k.  It  will  be  found,  moreover,  that  the 
buds  in  the  axils  of  the  fully  developed  leaves  are  exceedingly  small 
and  the  bases  of  the  petioles  very  large;  consequently,  buds  of  this 
nature  are  far  from  being  the  best  with  which  to  work.  The  loquat, 
as  ha^  already  been  hinted,  is  an  exceedingly  easy  subject  to  propagate 
by  budding  or  grafting.  The  buds,  if  properly  inserted  at  a  time 
when  the  bark  lifts  freely,  will  unite  within  two  weeks,  and  a  week  or 
two  later,  if  that  part  of  the  stock  above  the  inserted  bud  is  partly  cut 
back,  the  buds  will  begin  to  grow  very  rapidly.  The  first  indication 
of  growth  consists  in  one  or  two  tiny  leaves  covered  with  light  hairs. 
Shortly  after  these  appear  the  top  of  the  sto<*k  may  be  pruned  to 
within  an  inch  or  two  of  the  inserted  bud,  leaving  only  one  or  two 
mature  leaves  for  a  time. 

Propagation  by  grafting  is  not  coiumonly  pi'acticed.  When  com- 
paratively large  branches  are  headed  back  and  scions  inserted,  the 
resulting  unions  are  often  unsatisfactor3%  being  likely  to  be  broken 
off  by  windstonns.  A  method  of  side  grafting  ()-months-old  seed- 
lings is  shown  in  Plate  IV,  tig.  3.  This  method  is  very  satisfactory 
and  can  })e  used  best  on  seedlings  grown  in  pots  for  shipping  purposes. 

THE  FIG. 

(xn^iNcjs. 

The  usual  method  of  propagating  the  lig  is  by  means  of  cuttings  of 
the  1 -year-old  shoots.  These  cuttings  are  made  in  lengths  of  from 
8  inches  to  several  feet,  according  to  the  moisture  in  the  soil.  When 
the  cuttings  are  not  intended  to  be  transplanted  and  are  placed  in  the 
orchard  to  form  trees,  large-sized  cuttings  of  i^-year-old  wood  are 
used,  but  when  they  are  placed  in  nursery  rows  shorter  lengths  are 
usually  selected,  thus  facilitating  handling  in  transplanting  or  ship- 
ping. Where  short  cuttings  will  succeed,  a  length  of  from  8  to  12 
inches  will  be  found  ample,  the  ends  of  the  1-year-old  shoots  giving 
most  satisfaction,  as  the  subsecjuent  growth  is.  as  a  rule,  straight  and 
strong. 

2sn44— No.  4<)— o:^ 2 
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Tho  ])est  time  to  make  the  cuttings  is  in  the  fall  when  the  se^isoii's 
growth  is  thoroughly  ripe.  Where  the  winters  are  not  severe  the 
cuttings  may  be  put  in  the  ground  where  they  are  to  root.  They  arc 
most  easih^  cared  for  when  placed  in  row^s  modei'atel3'  close  together, 
so  that  the  young  plants  can  he  watered  if  necessary  and  cultivated 
wMth  less  labor  than  if  put  in  the  positions  w^hich  the  trees  are  intended 
to  occupy  permanently.  In  localities  where  the  cuttings  are  likely  to 
]k»  injured  by  freezing  weather  thev  should  be  prepared  in  the  fall 
and  stored  during  the  winter  in  moderately  damp  sand  in  a  cellar.  In 
early  spring,  or  as  soon  as  the  soil  is  in  a  workable  condition,  trenches 
should  be  prepared  for  the  reception  of  the  cuttings,  as  they  are  likel3' 
to  make  roots  verv  earl  v. 

hi  preparing  the  cuttings  the  usual  custom  is  followed  by  making' 
the  lower  cut  just  beneath  a  joint  and  where  a  terminal  bud  is  not 
present  the  upper  cut  should  be  macje  about  three-quarters  of  an  inch 
above  a  joint.  The  soil  must  be  deeph'  worked  and  the  cutting 
inserted  ni  the  soil  so  that  only  the  top  bud  is  visible. 

GRAFTING    AND   BUDDING. 

Propagation  ])y  grafting  and  budding  is  sometimes  resorted  to, 
especially  when  trees  prove  to  be  unprofitable  and  it  is  desired  to  use 
them  as  stock  plants  on  which  to  work  good  varieties.  Another 
reason  why  budding  and  gmfting  may  be  pmcticed  more  than  hitherto 
is  that  Smyrna  and  Capri  figs  may  be  worked  on  other  varieties  of 
old-established  plants,  and  thus  come  into  bearing  much  sooner  than 
when  raised  from  cuttings. 

The  successful  colonization  of  the  insect  which  pollinates  the  flowers 
of  the  Smyrna  fig  will  result  in  greatly  enlarging  the  fig-growing 
industrv  not  onlv  in  California,  but  also  in  several  other  sections  of 
the  country,  if  the  insects  can  be  established  and  maintained  through 
freezes. 

Although  the  fig  is  not  so  easil}"  propagated  b}'  the  usual  methods 
of  grafting  and  budding  as  are  most  of  the  other  kinds  of  fruit  trees, 
yet  there  are  several  ways  of  accomplishing  the  desired  result.  In 
Bulletin  No.  9  of  the  Division  of  Pomology  of  this  Department  Dr. 
Gustav  Eisen  describes  a  method  of  grafting  the  fig  employed  in 
California.  This  is  a  modification  of  the  cleft  graft,  which  is  used 
mainly  on  branches  of  large  diameter  and  is  successful  when  skillfully 
done.  It  differs  from  ordinary  cleft  grafting  in  that  the  cut«  for  the 
reception  of  the  scions  do  not  point  to  or  cross  the  pith,  but  are 
directed  to  one  side.  The  operation  must  be  performed  when  the 
trees  are  in  a  dormant  condition. 

An  exceedingly  simple  method  of  grafting  which  may  be  used  by  a 
person  having  little  experience  in  this  line  of  work  has  been  success- 
fully practiced  at  the  Department  of  Agriculture  for  some  time. 
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This  method  consists  of  preparinjr  the  stock  for  th(»  reception  of  I  lie 
scion  aii  in  shield  budding.  This  is  done  by  making  a  transverse  cut 
through  the  bark  three-quarters  of  an  inch  in  length.  From  the  uiid- 
dle  of  thLs  incision  another  cut  is  made  toward  the  main  stem  or  root 
for  fully  an  inch.  The  bark  is  then  prized  up  as  seen  in  Plate  V,  D. 
Instead  of  inserting  a  single  shield  bud,  a  small  twig  having  one 
terminal  and  one  or  two  lateral  buds  is  used  (PI.  V,  A,  B,  V).  The 
scion  is  prepared  as  follows:  A  long  scarf  is  made  at  one  side  through 
the  pith  and  a  thin  piece  of  the  bark  on  the  reverse  side  is  removed. 
With  the  long  cut  facing  the  stock  the  scion  is  pushed  deeply  into 
the  place  prepared  for  it  (PL  V,  E)  and  is  tied  firmly  with  raffia.  The 
cornel's  of  the  bark  of  the  stock  are  brought  close  to  its  own  stem  and 
bound  fiirmly  in  that  position  (PL  V,  F).  Melted  grafting  wax  should 
then  be  put  on,  or  narrow  strips  of  waxed  cloth  may  be  applied  instead, 
to  exclude  air  and  moisture.  If  possible,  the  scions  should  be  selected 
from  branches  not  over  one-half  an  inch  in  diameter  when  thev  can 
be  found  of  sufficient  firmness  of  that  thickness.  Small  lateral  shoots 
having  a  terminal  bud  and  only  an  inch  or  two  in  length  and  (juite 
thin  will  unite  l)v  this  method  verv  easilv.  It  is  not  necessarv  for 
the  scions  to  be  dormant,  but  they  should  be  fully  matured  and  the 
leaves  cut  off  to  about  one-half  inch  from  the  buds.  The  bark  slips 
readily  from  the  time  growth  begins  in  spring,  so  that  the  ope  nit  ion 
may  bo  performed  at  any. period  during  late  spring  and  summer. 

In  the  course  of  about  two  weeks  after  the  operation  is  performed, 
if  the  scions  remain  fresh,  the  probabilities  are  that  a  union  will  have 
been  effected.  Part  of  the  top  of  the  stock  may  then  be  removed  to 
induce  the  scion  to  start  growth,  and  when  it  has  made  some  headway 
the  top  of  the  stock  may  be  cut  off  near  the  si'ion. 

Seedlings  are  well  suited  to  this  method  of  propagation  for  use  as 
stocks,  as  the  bark  near  the  ground  line  is  quite  thick  and  lends 
itself  readily  to  scion  budding.  The  seedlings  should  be  at  least  2 
years  old.  At  this  age  that  part  of  the  stem  near  the  collar  is  much 
greater  in  diameter  than  will  be  found  a  few  inches  above,  thus 
allowing  a  good-sized  scion  to  be  inserted. 

TEA. 

NKCE881TY    FOU    VKCJETATIVK    PK()1»A(;ATI0X. 

Dr.  Charles  t-.  Shepard,  of  Summerville,  S.  C,  whose  succos>ful 
tea-growing  experiments  entitle  him  to  rank  as  the  highest  authority 
on  this  subject  in  America,  has  concluded  that  future  plantations  of 
»ome  of  the  varieties  now  grown  and  which  have  been  raised  from 
seed  must  l)e  propagated  vegetatively  because  of  the  important  fact 
that  some  of  the  individual  plants  in  a  })atch  of  seedlings  show  great 
superiority  over  others   in   several  of   their   characteristics,   iw    for 
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instance,  in  leaf  production  and  in  the  quality  of  the  product.  In 
other  words,  seeds  can  not  he  relied  upon  to  reproduce  the  exact 
charactei's  of  the  parent  plant.  Dr.  Shepard  also  finds  that  some  forniij 
which  produce  superior  teas  have  very  poor  roots,  thus  necessitating 
^nifting  upon  stronger-rooting  varieties. 

The  propagation  of  the  desirable  varieties  of  the  tea  plant  may  be 
.secured  in  several  ways  according  to  the  object  to  be  attained.  For 
instance,  grafting  should  be  the  method  chosen  in  cases  where  a 
desinible  variety  has  a  poor  root  sj'stem;  because  by  taking  young 
plants  of  varieties  known  to  form  good  roots  and  using  them  as  stocks 
the  poor-rooting  kinds  may  be  united  to  them  by  means  of  the  veneer 
method  of  grafting.  Again,  the  stock  of  desimble  plants  of  any 
particular  variety  having  good  root  systems  can  be  increased  by  layer- 
ing, if  the  plants  have  previously  been  prepared  by  pruning  so  as  to 
provide  suitable  wood  for  the  purpose. 

The  quickest  and  least  troublesome  method  of  propagation  is  by 
cuttings  of  the  newly  ripened  shoots  (PI.  VII,  tigs.  1  and  2).  None  of 
the  above-named  operations  is  diflScult,  but  to  perform  an}'  of  them 
successfully  requires  constant  care  and  attention  to  the  details  while 
the  scions  are  uniting  with  the  stocks  or  when  the  bi-anches  and  cut- 
tings are  forming  roots.  Sometimes,  in  layering  operations,  the 
weather  supplies  conditions  which  enable  the  biTinches  to  root  without 
further  care  on  the  part  of  the  operator;  but  not  so  with  grafts  and 
cuttings,  as  these  operations  must  be  carried  on  under  conditions 
which  require  continual  care  during  the  period  required  for  uniting  or 
for  rooting.     Any  neglect  at  this  time  is  certain  to  result  disastrously. 

VENEEtt   OKAFTIN(J. 

Seedling  stocks  may  be  grown  in  4  or  5-inch  pots  for  the  reception 
of  scions  by  the  veneer  method  of  grafting.  To  have  the  plants  in 
perfect  condition  for  working,  it  is  necessary  that  they  1)0  grown  from 
the  seedling  stage  without  a  check,  as  the  healthier  the  plant  the  l)et- 
ter  the  chance  of  a  successful  union.  Another  important  matter  in 
this  connection  is  that  the  stock  plants  should  not  be  allowed  to  form 
niatt(»(l  roots  in  small  pots;  therefore,  it  will  be  found  l)etter  to  lift 
them  from  the  nursery  and  put  them  in  pots  pn»vious  to  the  operation: 
or  they  may  ])e  grown  and  grafted  while  in  garden  flats.  If  this  last- 
named  method  is  chosen  the  plants  should  be  situated  far  enough  apart 
in  tlu^  flats  to  be  easily  handled.  If  the  grafting  is  performed  while 
the  stocks  are  in  active  growth,  the  union  will  take  place  more  <|uickly 
than  when  the  plants  are  in  a  dormant  condition.  The  operation 
should  be  performed  in  the  early  part  of  spring.  Plate  VI,  A,  shows 
how  the  incision  in  the  stem  should  be  prej)ared.  This  should  he 
made  with  a  sharp  knife  and  the  cut  ai^  tlic^  deepest  pt  rt  should  not  l>e 


TEA.  21 

moiv  than  one-third  of  the  diiuiieter  of  the  stem.  The  scion  (PI.  VK  B) 
nm-Jt  be  shaped  at  the  base  so  that  it  will  tit  neatly  into  the  place  pre- 
lared  for  it  on  the  stock.  It  should  then  ]>e  tied  as  seen  in  Plate  VI,  C, 
and  afterwards  a  small  quantity  of  sphagnum  moss  should  be  tied  over 
the  i>art  where  the  stock  and  scion  come  together,  as  shown  in  Plate 
VI.  D. 

Immediately  after  the  openition  is  performed  im  al)Ove  described, 
the  plants  should  l>e  placed  in  a  close,  shaded  propagating  frame  and 
kept  there  until  the  union  is  effected;  this  will  take  place  in  a  few 
weeks.  The  temperature  of  the  frame  should  ]>e  kept  uniforml}'  at 
from  60"  to  65-  F.  If  a  layer  of  moss  be  put  under  the  pota  and  the 
wntents  of  the  frame  Hvringfed  occasionally  a  favorably  humid  atmos- 
phere  will  result.  Where  greenhouse  accommodations  are  not  available 
for  the  propagating  frame  a  hotbed  may  be  built  out  of  doors  in  a  loca- 
tion where  the  sun  will  not  have  much  effect  in  raising  the  temperature. 
From  <>  to  9  inches  of  stable  litter  and  leaves  will  provide  ample  heat 
during  the  spring.  When  it  is  found  that  the  scions  have  made  con- 
nection with  the  stocks,  ^ir  should  gradually  be  admitted  to  the  frames. 
'Siortly  after  this  the  tops  of  the  stocks  ma}'  be  cut  off  close  to  the 
J^ions.  Planting  out  may  be  deferred  till  the  scions  have  made  their 
fiNt  growth. 

HERBACEOUS   CiRAFONCJ. 

Another  method  which  the  writer  has  tried  successfully  is  herlmceous 
grafting.  This  consists  in  removing  the  top  from  a  seedling  when  a 
few  weeks  old,  making  a  clean,  straight  cut  through  the  stem  above  a 
hnict  or  a  leaf,  much  in  the  same  way  that  coffee  seedlings  are  treated 
for  grafting,  but  with  this  difference:  In  the  case  of  the  coffee  the  very 
large  cotyledons  persist  for  many  months  after  germination  and,  being 
well  above  ground,  the}'  perform  the  functions  of  true  leaves,  so  that 
when  the  plumule  is  severed  grafting  is  performed  with  ease  and  the 
*^eedlint^  receives  only  a  very  sliifht  clieck.  But  with  tea  the  cotyle- 
dons  are  underground,  and  althougli  they  also  persist  for  a  consider- 
ahh^  time  the  plumule  can  not  1)C  removed  with  the  same  degree  of 
^ifety  as  with  coffee.  Therefore  it  is  ))est  to  remove  the  top  above  a 
hnn't  or  leaf.     A  cut  is  then  nmde  through  the  stem,  as  for  (^left  graft- 

■ 

l^^^  and  the  base  of  the  scion  is  cut  to  a  wedge  shape,  so  as  to  tit  nicely 
into  the  stock.  It  is  kept  in  place  by  w^rapping  with  thin  strands  of 
^ffia.  It  will  l)e  found  easiest  to  perform  this  operation  when  the 
seedlings  are  in  flats,  as  then  they  occupy  less  room  than  when  in 
^uvaU  pots.  It  is  necessary  for  all  grafted  plants  to  ])e  kept  in  a  close 
and  shaded  frame  while  the  scions  are  unitinof  with  the  stocks. 

l»ROPA<JATIN(i    llOUSK. 

In  prepiring  for  cuttings,  a  cool  propagating  house  is  the  first 
^^M^ii^ite.     It  should  be  a  lean-to  structure  and  so  built  that  the  slope 
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will  fac<5  the  north.  The  interior  niav«bc  about  8  feet  wide.  This 
space  will  be  ample  for  two  benches,  each  2  feet  9  inches  wide,  one  on 
each  side  of  a  central  path,  2  feet  G  inches  wide.  The  heating  appa- 
ratus should  be  sufficient  to  keep  the  sand  &t  a  temperature  of  ^{J-  F., 
and  the  temperature  of  the  house  should  not  fall  below  50^  F.  At  all 
times  a  humid  atmosphere  should  l)e  maintained.  During  bright  sun- 
shine the  glass  should  be  shaded.  One  way  to  aceomplLsh  this  is  by 
lengths  of  cloth  tixed  on  rollers.  There  is,  however,  always  danger 
of  neglecting  to  lower  the  cloth  at  the  proper  time,  so  that  the  safer 
plan  would  be  to  put  on  a  permanent  shade  by  painting  the  glass  with 
white  lead  and  turpentine.  The  benches  should  be  constructed  at  a 
height  of  about  3  feet  from  the  floor,  and  the  uprights  so  made  that 
the  pipes  may  l)e  boxed  in,  leaving  a  small  door,  provided  with  leather 
hinges,  at  intervals  of  8  or  10  feet  to  supply  the  necessar}'  heat  to  the 
house  during  extra  cold  weather.  The  Ixjttom  of  the  bench  should  l)e 
of  wood,  2-inch  planks  being  the  preferable  size,  one-quarter  inch 
spaces  l)eing  left  between  the  planks  for  drainage.  Four  inches  of 
clean  sand  will  be  ample.  Previous  to  putting  in  the  cuttings  beat  the 
sand  lirmly  with  a  piece  of  4  by  4  inch  scantling.  The  beds  are  then 
ready  for  the  cuttings. 

('UTTINC;S. 

The  cuttings  of  the  tea  plant  take  a  long  time  to  root,  and  conse- 
quently it  has  been  found  that  the  most  propitious  si'ason  for  rooting 
is  during  the  winter  months,  the  cuttings  being  put  in  the  sand  aiiy 
time  during  the  month  of  November. 

The  best  wood  to  use  for  the  cuttings  is  a  modei-ate-sized  branch  of 
the  current  season's  growth  taken  from  a  plant  the  leaves  of  which 
have  not  been  picked  over  within  the  previous  six  months.  As  many 
branches  should  be  cut  at  one  time  as  will  make  about  500  cuttings 
the  leaves  being  dampened  with  a  sprinkler  as  soon  as  they  are  brought 
indoors  and  the  cuttings  made  before  the  leaves  have  an  opportunity 
to  dry  out.  They  ma}'  be  made  into  lengths  of  from  4  to  5  inches 
(PI.  VII,  figs.  I  and  2),  as  cuttings  longer  than  that  are  not  so  certain 
,to  root.  A  medium-sized  shoot  will  make  several  cuttings.  The  ter- 
minal part  of  the  shoot  may  be  used  if  the  wood  is  firm  or  well  ripened. 
At  least  tw^o  leaves  should  l>e  left  on  each  cutting,  and  if  the  leaves 
are  (juite  close  together  several  may  be  left.  The  reason  for  leaving 
only  a  few  leaves  is  that  the  nearer  the}'  are  to  the  surfai*e  of  the  sand 
the  better  the  chance  of  the  cutting  to  root,  as  the  moisture  conden^o^ 
on  tlie  under  surface  of  the  leaves,  there))y  keeping  the  cutting  in  a 
crisp  and  fresh  condition  until  the  roots  are  formed.  Plate  VII,  fig.  -. 
shows  two  cuttings  ready  to  be  put  in  the  sand.  In  putting  in  the 
cuttings  the  propagator  will  usually  find  it  most  convenient  to  work 
from  left  to  right.     The  necessary  tools  are  a  dibble,  a  flat  piece  of 


MANILA    HEMP.  23 

bfttnl  2  inches  in  width  and  us  loniif  u>  the  hed  is  wide,  and  the  sjind 
hoHter  already  mentioned.  Tlie  piece  of  )K>ard  sliould  ))e  placed  2  inches 
from  the  end  of  the  bed  and  a  line  drawn  witli  the  dil)])Ie  dost*  to  the 
Ijoard  across  the  \}ed:  this  will  mark  the  position  which  the  first  row  of 
cuttings  is  to  occupy.  Each  cutting  should  be  put  in  with  the  aid  of 
the  dibble,  first  making  a  deep  hole  with  the  instrument;  then  the  ])ase 
of  the  cutting  should  !)e  put  into  it  as  far  as  it  will  go,  allowing  the 
liottom  leaf  or  leaves  to  rest  on  the  sand  and  pressing  the  shai*p  end 
of  the  dibble  once  or  twice  down  into  the  sand  close  to  the  stem  of  the 
tutting,  firming  it  in  its  place.  By  this  operation  the  cutting  should 
occupy  a  space  of  al)out  2  inches  each  way.  When  a  row  is  ])ut  in  the 
sand  the  board  should  be  placed  as  close  to  it  as  it  will  go  and  two  or 
three  sharp  taps  given  it  with  the  sand  beater,  which  will  still  further 
help  to  firm  the  cuttings:  then  the  work  should  proceed  as  lM»fore. 
When  a  batch  of  cuttings  is  put  in,  enough  water  should  be  given 
through  a  large  sprinkler  to  settle  the  sand  around  the  bases  of  the 
cuttings.  After  the  beds  are  filled  the  subsequent  treatment  should 
consist  of  frequent  slight  s3'ringings  in  preference  to  heavy  watering 
at  any  one  time.  The  atmosphere  should  never  be  allowed  to  become 
dry.  During  periodical  spells  of  warm  weather  the  heat  should  l)e 
tumed  off  and  a  little  air  given,  ])ut  not  enough  to  cause  drafts  in  the 
house. 


IMPORTANCE   OF   INTK01>l(TI0\    INTO   TIIK    I'NITKl)   STATKS. 

The  plant  which  yields  the  fiber  known  as  Manila  hemp  is  a  species 
of  lianana  {Mma  textiUft),  It  is  indigenous  to  the  Philippine  group 
and  other  Pacific  islands  south  to  the  Moluccas.  The  hemp-growing 
industry  is  conducted  almost  exclusively  in  the  Philippines,  as  in  some 
parts  of  the  islands  the  climate  is  perfectly  adapted  to  the  growth  of 
the  plant,  its  principal  requirements  being  a  moderately  high  temper- 
ature and  a  well-drained,  moist  soil.  The  Manila  hemp  grows  to  a 
height  of  20  feet,  and  requires  at  least  3  years  to  re^ch  the  stage 
which  is  best  for  the  production  of  tlie  fiber. 

It  mav  be  mentioned  here  that  what  is  commonlv  called  the  trunk 
of  the  banana  plant  is  not  really  a  trunk,  but  merel}'  a  continuation 
of  the  leaf  stalks,  the  outer  ones  folding  over  or  clasping  the  inner 
ones  in  such  a  wav  that  a  trunk-like  formation  is  the  result.  The 
fiher  is  found  in  this  trunk-like  bodv  and  is  harvested  shortlv  after 
the  plant  comes  into  flower. 

In  the  recently  issued  Pronouncing  (razetteer  and  Geographical 
Dictionary  of  the  Philippine  Islands  it  is  stated  that  nearly  1()0,()00 
long  tons  of  Manila  hemp  are  annually  exported  from  the  Philippines, 
chiefly  to  the  United  States  and  England.  The  first  grade  of  fiber 
from  1885  to  1894:   ranged  in  price   per  kilogram  (2,204  pounds), 
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between  $0  and  lH7. 12.  The  inferior  ^mdes  were  25  to  40  per  cent 
lower  in  the  Manila  market.  The  (Jazetteer  states  that  under  existing 
conditions,  almca  Manila  hemp  plantations  in  the  Philippines  with 
careful  management  yield  an  aimual  return  of  30  per  cent  on  the 
investment,  which  indicates  what  may  be  expected  from  successful 
hemp  plantations  in  the  near-by  tropical  possessions  of  the  United 
States. 

The  introduction  of  the  Manila  hemp  plant  into  the  United  States 
has  been  attempted  several  times,  but  without  success  until  recently, 
when  a  supply  of  seed  was  received  at  the  Department  of  Agriculture 
from  the  insular  bureau  of  agriculture  of  the  Philippines. 

liAlSIN<;    PLANTS    FROM    SEEDS. 

The  plant  is  exceedingly  easy  to  increase  by  dividing  the  under- 
ground stems,  but  in  order  to  get  a  supph^  of  plants  for  this  purpose 
propagation  ])y  set»,ds  has,  of  course,  to  be  resorted  to. 

As  the  seeds  received  from  the  Philippines  have  been  successfully 
germinated,  an  account  of  the  means  by  which  this  result  was  secured 
may  be  of  value  to  those  who  contemplate  raising  a  stock  in  this  way. 
The  seeds  were  gathered  in  the  Islands  as  soon  as  ripe,  mixed  with 
finel}'  powdered  charcoal,  and  shipped  to  Washington  in  small  cylin- 
drical tin  tubes.  A  period  of  about  forty  days  thus  occurred  between 
the  time  of  gathering  and  the  time  of  sowing.  As  it  has  been  thought 
that  the  seeds  lose  their  gerrainative  power  in  less  time  than  thi??, 
owing  to  their  failure  heretofore  to  gemiinate  in  this  country,  some 
of  the  seeds  were  kept  and  sown  at  intervals  of  from  one  to  six  weeks. 
The  percentage  of  germination  was  high  in  every  case,  and,  although 
it  has  not  been  ascertained  just  how  long  the  seeds  will  retain  their 
vitality  after  ripening,  it  would  seem  that  the  methods  formerly  used 
to  germinate  them  were  faulty. 

These  seeds  were  sown  in  garden  Hats  tilled  to  within  an  inch  of  the 
surface  with  clear,  large-grained  river  sand,  upon  which  the  seeds 
were  scattered,  pressed  down  tirmlv,  and  covered  with  one-half  inch 
of  sand.  A  sheet  of  glass  was  placed  over  the  !)ox  and  the  sand  kept 
at  a  temperature  varying  from  75  to  80-  F.,  the  lower  temperature 
occurring  during  the  night.  Only  one  slight  watering  was  given 
before  germination.  In  fourteen  days  after  the  seed  was  sown  the 
plumules  gradually  made  their  appearance,  and  in  three  weeks  more 
the  plantlets  were  large  enough  to  go  into  small  jwts  (PI.  VllI).  To 
give  them  favorable  greenhouse  treatment  in  this  latitude,  the  glass 
during  autumn  should  be  without  shade  and  the  tempei'ature  of  the 
house  60^  F.  by  night  and  20^  higher  during  the  day. 

In  the  island  of  Porto  Rico,  where  it  is  intended  to  start  plantations, 
the  seeds  may  be  sprouted  with  the  aid  of  a  frame  and  sash,  but  it  is 
evident  that  a  slight  bottom  heat  should  be  maintained,  especially 
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during  the  sprouting  period.  This  will  be  most  easily  supplied  by  a 
layer  of  stable  manure,  mixed  with  leaves,  to  the  depth  of  a  few 
inches.  Over  this  some  ashes  should  be  pWed,  packing  the  muss  very 
firm.  The  bed  should  then  be  finished  off  with  sand  to  a  depth  of  2 
inches.  The  seedlings  will  make  considerable  growth  in  pure  sand, 
and  it  would  perhaps  be  advisable  to  transfer  them  previous  to  per- 
manent planting,  when  they  attain  a  height  of  from  2  to  4  inches,  to 
nursery  beds  of  well-prepared  soil.  As  an  alternative,  the  seedlings, 
after  being  exposed  to  the  maximum  amount  of  light  and  air  while  in 
the  seed  bed  for  a  period  of  two  or  three  weeks,  may  be  planted  out 
in  their  permanent  quarters  during  cloudy  or  even  wet  weather;  that 
is,  if  the  nature  of  the  soil  will  permit  it.  Well-drained  soils  with  an 
abundance  of  humus  in  their  composition  will  not  offer  an}-  great 
obstacle  to  planting  even  in  wet  weather,  and  the  plants  will  certainly 
benefit  by  this  treatment. 

CULTIVATION   IN   THE   PHILIPPINE   ISLANDS. 

In  a  paper  entitled  '"La  culture  de  Fabaca  aux  Philippines,"*  by  De 
Berard,  published  in  L' Agriculture  Pratique  des  Pays  Chauds,  1901, 
an  account  is  given  of  the  propagation  of  the  Manila  hemp  by  seeds 
and  its  cultivation  in  the  Philippines.  The  author  names  the  follow- 
ing varieties  grown  in  the  isle  of  Luzon:  Moro  Blanco,  Moro  Negro, 
Moro  Colarado,  Turncan  ou  Mosqueado,  Tagacan  Blanco,  Tagacan 
Colarado,  Bagacayan,  and  Samina. 

With  respect  to  the  climate,  it  is  stated  that  in  order  to  reach  the 
maximum  production  there  must  be  considerable  humidit3\  The  limit 
of  altitude  for  cultivation  is  given  at  from  300  to  400  yards.  The 
plants  are  said  to  be  partly  grown  in  the  shade  of  trees  having  open 
branches  and  light  foliage,  but  not  near  enough  to  let  the  roots  inter- 
fere with  those  of  the  bananas.  The  fiber  from  plants  grown  in  dense 
shade  is  finer  and  longer,  but  less  strong,  than  that  from  plants  grown 
without  shade;  however,  the  fiber  which  combines  fineness,  length,  and 
strength  commands  the  highest  price.  The  land  described  as  best 
suited  for  the  plant  consists  of  moist  but  well-drained  volcanic  soil, 
mixed  with  vegetable  humus.  It  is  stated  that  the  method  by  which 
the  hemp  plant  is  propagated  in  Albay  and  in  South  Luzon,  where  the 
best  fiber  is  produced,  is  by  seeds  and  also  by  division  of  the  under- 
ground stems.  The  last  method  is  generally  preferred  by  cultivators, 
as  it  entails  less  work  and  produces  better  results.  The  collecting  of 
seeds  is  carried  on  in  a  careless  way  by  the  cultivators  of  the  many 
small  plantations,  resulting  in  great  irregularity  in  the  quality  of  the 
product,  owing  to  the  mixing  of  strains  or  varieties  in  the  same  planta- 
tion. In  raising  the  seedlings  it  is  said  that  previous  to  sowing,  the 
seeds  are  soaked  in  warm  Water  for  several  hours,  washed,  and  dried  in 
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the  shade,  then  sown  two  toj^ether  in  prepared  holes  from  5  to  s  inches 
apart,  and  covered  with  fine  soil  to  a  depth  of  three-fourths  of  an 
inch.  The  beds  are  then  covered  with  a  light  la^'er  of  straw,  which  is 
set  on  fire.  This  last  operation  has  for  its  object  the  hastening  of 
germination.  The  beds  are  watered  ver}'  lightly  for  several  days, 
always  liefore  sunrise.  Only  enough  water  is  given  to  make  the  soil 
moist  on  the  surface.  If  the  nursery  is  exposed  to  the  full  sun,  shade 
is  provided,  but  only  during  the  warmest  part  of  the  da^'.  Aft^r  four- 
t<'en  or  fifteen  days  the  seeds  begin  to  germinate,  and  when  the  seed- 
lings reach  a  height  of  from  2i  to  3  feet  they  are  transplanted  to 
well-prepared  soil  at  a  distance  of  from  one-half  to  2  yards  apart  and 
watered  onlv  until  established. 
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DESCBIPTION  OF  PLATES, 

Plate  I.  Ffg.  1. — Method  of  inarching  branch  of  improved  variety  of  mango,  used  at 
the  present  time  in  India.  Two  seedling  stocks  are  planted  so  that  their  stems 
grow  side  by  side;  a  single  branch  is  then  inarched  to  the  two  stocks.  When 
the  union  is  complete  the  branch  is  severed  from  the  parent  tree.  Fig.  2. — 
Saddle  method  of  inarching  mango  on  seedling  stocks,  used  in  India.  Although 
an  unsatisfactory  method  of  propagation  this  gives  a  better  union  than  that 
shown  in  fig.  1.  Fig.  3. — Mangoes  propagated  in  India,  showing  their  condition 
upon  arrival  in  the  United  States. 

Plate  II.  Fig.  1. — Rectangular  patch  method  of  budding  the  mango.  When  stocks  of 
at  least  1  inch  in  diameter  are  used  this  method  has  given  the  best  results  in  the 
greenhouses  of  the  Department  of  Agriculture.  Fig.  2. — A  method  of  budding 
used  with  considerable  success  in  Florida.  Fig.  3. — Budded  mango  seedling, 
showing  first  and  second  growths  from  an  inserted  bud.  In  order  to  induce  the 
bud  to  start  the  stock  is  headed  back  about  1  foot  above  the  bud.  When  two 
growths  have  been  made,  the  stock  is  cut  back  close  to  the  bud. 

Plate  III.  Germination  of  mango,  showing  eight  plantlets  springing  from  one  seed. 
One-half  natural  size.  The  stage  of  development  shown  in  the  illustimtion 
occurs  about  six  weeks  after  planting  the  seeds. 

Plate  IV.  Fig.  1. — Crown  grafting  the  loquat  on  tall  stocks,  showing  a  bad  union. 
Fig.  2. — A  3-year-old  loquat  stock,  budded  two  years,  showing  a  good  union. 
Fig.  3. — Side  grafting  the  loquat,  6-months-old  seedlings  being  used  as  stocks. 
A,  scion  iuBerte<l;  B,  scion  inserted,  tied,  and  waxed;  C,  scion  united  and  grow- 
ing and  stock  cut  back. 

Plate  V.  Scion  budding  the  fig.  A,  B,  C,  scion  prepared  for  inserting;  D,  bark 
raised  ready  for  the  reception  of  the  sl^ion;  E,  base  of  the  scion  inserted  under 
the  bark  of  the  stock;  F,  scion  inserted  and  tied. 

Plate  VI.  Veneer  grafting  the  tea  on  1-year-old  seeding  stocks.  B,  scion  ready  for 
placing  in  position  in  incision  on  stock  shown  at  A;  C,  scion  inserted  and  tied 
with  raffia;  D,  small  quantity  of  damp  sphagnum  moss  tied  around  the  stock 
and  scion. 

Plate  VII.  The  propagation  of  the  tea  by  cuttings  of  the  ripened  wood.  Fig.  1.— 
Cuttings  ready  to  be  placed  in  sand.  Fig.  2. — Rooted  tea  cuttings  ready  to  be 
placed  in  soil. 

Plate  VIII.  Manila  hemp.  Six-weekF-oUl  seedlings  showing  seeds  still  attached  to 
the  plants.    Natural  size^ 
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Variety  description. 


Wheat. 


YOUNG  HTOOL. 

Spreading. 
Partly  spread!  t 
Erect. 
fk>U/r. 
Yellow  green. 
Light  green. 
Medium  green 
Dark  green. 
Gray  green. 
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Color. 

Light  green. 

Medium  green 

Dark  green. 

Light  yellow JH 

Medium  yello* 

Dark  yellowish 

Light  gray  grt| 

Medium  gmy  | 

Dark  gray  grt*t 
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Average  lengi 
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Erect. 

AHcending. 

Drooping. 

Smooth. 
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Downy. 
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Veins,  * 

Prominent. 

Not  promineii 
End  of  blade. 

Tapering. 

Sides  parallel " 

Sheath.  P^'KTICH 

Green. 

Green,  nhadii] 
TAgtde.  j 

Long.  i 

Mediimi.         ' 

Short. 

White.  I, 

I*urple. 
A  uncU'tt. 

White. 

Green. 

White,  with  j 

Purple. 

Hairy. 

Partly  hairy. 

Smooth. 
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PREFACE. 


With  the  exception  of  Indian  com,  wheat  is  the  most  important 
cereal  crop  of  the  United  States,  and  it  therefore  has  been  and  will 
continue  to  be  the  object  of  much  expenmentation.  Being  a  close- 
fertilized  plant  and  consequently  unable  to  cross  pollinate  in  nature, 
wheat  naturally  maintains  stronger  hereditary  lines  than  do  open- 
fertilized  crops  under  similar  conditions,  and  therefore  the  variations 
that  do  occur  more  commonly  retain  their  identity.  In  other  words, 
wheat  under  cultural  conditioni^  tends  to  break  up  into  varieties. 
Unlike  man}"  of  our  horticultural  and  garden  crops,  wheat  has  not  up 
to  this  time  been  given  the  careful  comparative  study  that  its  impor- 
tance merits,  and  consequently  the  greatest  confusion  exists  in  the 
nomenclature  of  its  varieties.  For  this  reason  important  conclusions 
reached  in  one  locality  by  costlj^  experiments  may  be  wholly  misap- 
plied in  another  locality. 

It  is  important  to  have,  as  a  basis  for  careful  and  intelligible  experi- 
mentation with  wheat,  a  correct  understanding  of  variety  names,  and 
the  important  varieties  of  our  American  wheats  should  be  carefully 
described  and  illustrated.  Ordinarily  in  comparing  the  varieties  of  an 
agricultural  plant  it  is  the  practice  to  gather  a  large  series  of  samples 
of  seed  and  grow  the  varieties  side  by  side,  making  descriptions  from 
the  plants  thus  grown.  By  such  a  plan  many  of  the  varieties,  being 
subjected  to  climatic  and  soil  conditions  to  which  they  are  not  adapted, 
fail  to  develop  their  special  and  proper  characteristics,  and  numerous 
complications  arise.  In  undertaking  the  task  of  recording  the  charac- 
ters of  wheats,  it  is  deemed  advisable  first  to  secure  accui-ate  descrip- 
tions of  the  varieties  as  they  are  found  in  the  regions  to  which  they 
are  best  adapted. 

It  is  believed  that  the  method  of  description  herewith  set  forth  will 
interest  wheat  experimenters  in  this  important  phase  of  their  work, 
and  lead  to  the  adoption  of  some  arrangement  whereb}'  wheat  variety 
names  may  have  a  distinctly  more  definite  meaning  than  at  present. 

Frederick  V.  C'oville, 

Botanist, 
Office  of  Botanical  Ixvestigatioxs  and  Experiments, 

Washhix/ton,  D.  C,  May  20,  190S, 
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THE  DESCRIPTION  OF  WHEAT  VARIETIES. 


INTBODnCTIOK. 

The  nomenclature  of  the  varieties  of  wheat  now  growing  in  the 
United  States  is  somewhat  tangled.  The  wheat  plant  is  particularly 
unstable  in  tvpt*  and  a  change  of  environment  is  likely  to  cause  varia- 
tions and  result  in  plants  l>etter  fitted  to  the  new  conditions.  These 
plants,  by  producing  more  seed  or  seed  of  better  qualitj^  are  the 
more  vigorous  progenitors,  and  gradually  a  complete  change  of  type 
results.  Other  causes,  such  as  errors  in  labeling  seed  packages  for 
distribution,  or  the  mixture  of  varieties  b}'  machines  used  in  har^^est- 
ing  and  thrashing,  or  by  slight  mixtures  from  the  sacks  and  bins  in 
which  grain  is  stored,  have  all  aided  in  bringing  about  an  unfortunate 
confusion  in  the  names  of  our  standard  varieties  of  wheat. 

The  origination  of  new  varieties  has  also  added  its  share  to  this 
confusion.  These  new  varieties  mav  have  resulted  from  accidental 
or  intentional  hj'bridization,  or  merely  by  selection  on  the  part  of 
some  enthusiast  of  seed  from  some  plant  that  has  attracted  attention. 
The  new  variety  may  resemble  one  already  existing  so  closely  as  to 
be  indistinguishable,  or  it  may  be  an  entirel}'  new  form.  In  either 
case  it  is  probabh'  given  a  name  without  being  anywhere  even 
vaguelv  described  or  registered.  The  law  of  the  survival  of  the 
fittest  applies  to  wheat  varieties  as  to  other  plants,  and  the  poorer 
varieties  in  time  give  place  to  better  sorts;  but  unfortunately  the 
name  frequently  survives  and  immediate h^  attaches  to  some  other 
form. 

In  all  literature  regarding  variet}'  tests  for  comparative  yield, 
adaptability,  or  hardiness,  in  fact  in  all  discussions  regarding  wheat 
varieties,  it  is  necessar}'  to  designate  each  by  a  name.  In  order  to 
avoid  hopeless  confusion  in  so  doing,  it  is  essential  that  some  s}\stem 
be  used  whereby  these  names  ma}'  have  a  definite  meaning;  that  is, 
that  each  name  be  connected  with  some  one  particular  variety  or  t3'pe 
of  wheat.  This  has  been  found  absolutel}'  necessar}^  with  all  natural 
plants  and  with  most  of  our  cultivated  horticultural  and  garden  crops. 

In  connection  with  some  work  on  American  wheat  varieties  under- 
taken for  the  United  States  Department  of  Agriculture,  a  large  num- 
ber of  varieties  of  wheat  were  collected  from  State  experiment  stations 
and  some  other  sources  with  a  view  to  describing  and  ilhistrating  the 
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standard  sorts.  It  was  found,  however,  that  such  an  undertaking* 
would  be  nearly  impossible,  for  the  present.  Among  the  wheats  so 
collected,  cases  were  found  where  samples  indistinguishable  as  to 
])otanical  characters  were  known  bv  several  different  names,  while  an 
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the  other  hand  there  were  cases  where  one  name  was  found  serving 
for  several  samples  strikinglv  different  in  appearance.  (See  Pis.  I 
and  II.) 

A  search  through  the  available  literature  dealing  with  wheat  varie- 
ties, chiefly  experiment  station  bulletins  and  seed  catalogues,  giving* 
accounts  of  new  varieties  and  variety  tests,  showed  that  in  most  cases 
the  wheats  were  either  not  described  at  all  or  had  descriptions  so 
meager  and  indefinite  as  to  be  useless. 

The  description  of  a  wheat  plant  is,  in  itself,  not  a  difficult  under- 
taking, but  it  requires  the  consideration  of  a  number  of  details  which 
are  sometimes  hard  to  keep  in  mind  or  to  find  the  right  adjectives  to 
fit.  In  order  to  reduce  this  work  to  the  simplest  terms,  a  form  for 
variety  descriptions  has  been  prepared,  a  copy  of  which  is  inserted 
at  the  beginning  of  this  bulletin.  On  this  form  are  listed,  in  reg- 
ular order,  such  adjectives  as  are  deemed  of  the  most  importance  in 
describing  a  variety  of  wheat.  These  adjectives  are  sufficiently  numer- 
ous to  express  practically  all  ordinary  conditions  met  in  describing  a 
variety.  In  order  to  make  the  description  one  needs  onh'  to  glance 
at  the  form,  note  the  alternatives  mentioned  regarding  a  certain  char- 
acteristic, then  to  glance  at  the  sample  in  hand  to  see  which  of  the 
adjectives  most  nearly  applies:  this  one  is  then  checked,  and  the  next 
set  of  adjectives  taken  up.  This  method  greatly  facilitates  the  work 
of  describing  varieties  by  suggesting  the  adjectives  and  by  saving  the 
trouble  of  writing  out  the  words  used.  It  also  gives  a  basis  for 
uniform  description  in  all  cases,  which  is  a  matter  of  prime  importance. 

The  form  is  printed  on  strong,  thin  paper,  which  may  be  filed  in 
any  manner  desired  and  preserved  for  future  reference.  All  the  data 
regarding  any  plant  or  variety  for  a  given  year  are  thus  brought 
together  on  a  single  sheet  of  paper. 

It  is  believed  that  this  system  offers  the  means  of  straightening  out 
the  nomenclature  of  our  wheat  varieties,  of  preventing  errors  in  dis- 
tributing wheat  samples  for  testing  purposes,  of  studying  the  effect  of 
changes  of  environment  on  wheat  varieties,  and  of  noting  the  varia- 
tions resulting  from  hybridization.  New  varieties  that  may  be  origi- 
nated may  be,  l)y  this  method,  accurately  described,  and  if  it  is  found 
desirable  these  new  varieties,  so  described,  may  be  registered  by  some 
recognized  and  competent  organization. 

Further  than  this,  published  results  of  variety  tests,  when  supple- 
mented b}'  more  accurate  descriptions,  will  be  infinitely  more  valuable 
to  the  reader  than  they  are  at  present. 

The  idea  of  describing  wheats  by  a  printed  form  was  suggested  by 
Dr.  N.  A.  Cobb,  government  botanist  of  New  South  Wales. 
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EZPUkHATIOK  OF  FOBM. 

The  heading  of  the  form  has  spaces  for  writing  in  the  variety  name 
or  number,  the  plac^e  where  grown,  and  the  year  grown.  There  is 
aLso  space  for  giving  size  of  plat  or  field  grown,  or,  in  case  very  small 
plats  or  single  plants  are  the  basis  of  the  description,  the  number  of 
plants  should  be  stated.  After  the  word  Trltirum  the  species,  whether 
ae-tftimnn  {vulgart)  or  durum  ^  should  be  written.  This  form  is  made 
up  to  describe  varieties  of  these  two  species  only.  Varieties  of  the 
other  species  of  Triticum  are  not  extensively  enough  known  or  culti- 
vated in  this  country  to  warrant  the  expansion  of  this  form  to  include 
their  description. 

The  adjectives  used  on  this  form  are  grouped  under  the  following 
heads:  1,  Young  stool;  2,  Half -grown  plant;  3,  Mature  plant;  4,  Head 
(field  notes);  5,  Head  (laboratory  notes);  6,  Awns;  7,  Spikelet;  8,  (irain; 
9,  Milling  qualities;  10,  General  characteristics. 

Young  >it*)oL — ^The  terms  sprtdding^  partly  Hpreaduuj^  and  vvevt 
appl}'  to  the  general  form  of  growth  of  the  young  plant  before  the 
appearance  of  the  stem.  In  case  of  wheats  planted  in  the  autumn, 
these  obser\ations  should  be  made  in  the  late  autumn  or  verv  earlv 
spring. 

The  shades  of  color  are  comparative  and  difficult  to  describe  accu- 
rately and  can  be  noted  to  the  best  advantage  only  when  plats  of  grain 
may  be  compared  side  by  side. 

Half -grown  2)Iant, — By  this  is  meant  the  stage  of  growth  when  the 
head  is  just  appearing  from  the  sheath  of  the  upper  leaf;  in  other 
words,  just  before  flowering  time.  The  shades  of  color  are  here  again 
difficult  to  describe  and  can  be  noted  with  anv  desfreo  of  accuracv  onlv 
when  comparison  between  plats  of  grain  is  possible. 

The  measurements  of  the  leaf  blade  should  be  taken  on  the  upper 
leaf  of  each  of  at  least  ten  average  plants,  when  that  many  are  avail- 
able, the  maximum  measurement  of  each  dimension  of  the  leaf  being 
the  one  used  in  averaging.  The  terms  erects  ascending^  and  drooping 
apply  to  the  upper  leaf  after  the  head  is  well  out  of  the  sheath,  and 
the  terms  smooth^  ifcabrons^  and  dmcny  applv  to  the  surfaces  of  the  leaf 
blade  and  to  the  leaf  sheath.  The  term  glaucouM  is  defined  as  ^'cov- 
ered with  a  bluish-white  bloom ''  and  refers  to  the  surface  of  the  3'oung 
leaves. 

The  terms  prominent  and  7iot prominent  applied  to  the  veins  of  the 
leaf  are  difficult  of  accurate  definition  and  should  be  considered  only 
when  comparison  of  varieties  is  possible. 

The  terms  tapering  and  .sidefi  parallel  applied  to  the  end  of  the  leaf 
blade  deal  with  the  general  shape  of  the  distal  one-third  of  the  upper 
leaf. 

The  sheath  is  that  portion  of  the  leaf  which  clasps  the  stem,  and  the 
color  terms  here  used  are  self-explanatory. 


12  THE    DESCRIPTION    OF   WHEAT    VARIETIES. 

The  ligule  (PL  III,  fig.  1)  is  the  thin,  tmnsparent  tissue  borne  at  the 
juncture  of  the  blade  and  sheath  of  the  leaf  and  clasping  the  stem 
above  the  leaf.  The  terms  Irmg^  rnedhiw^  and  sh<*rt  apply  to  the  height 
this  tissue  reaches  up  the  stem.  A  ligule  2.5  mm.  or  longer  is  con- 
sidered long,  while  one  2  mm.,  more  or  less,  is  medium,  and  it  is  short 
when  less  than  about  1.7  mm. 

The  leaf  auricles  (PI.  Ill,  fig.  1,  Ko.  2)  are  the  thin  projections  of 
tissue  which  are  the  outgrowths  from  the  base  of  the  leaf  blade  or 
from  the  thickened  tissue  at  the  juncture  of  the  blade  and  sheath  of 
the  leaf.     The  temis  applying  to  these  need  no  explanation. 

Mature  j)l<i^^i' — The  height  measurement  is  marked  to  be  stated  in 
centimeters  and,  whenever  possible,  should  be  made  when  the  plant  is 
still  standing  in  the  field  in  its  natural  position.  The  terms  stnmg^ 
medium^  and  v^eak  apply  to  the  general  vigor  of  the  plant,  including 
its  ability  to  stand  erect  and  its  branching  or  "stooling."  The  dknHe- 
ter  helmn  the  head  should  be  measured  at  the  point  where  the  straw  is 
smallest,  between  the  upper  leaf  and  the  base  of  the  spike.  When 
this  measurement  is  made  some  sort  of  calipers  must  be  used.  The 
t^YXXi^  furroiced^  raedhmu  and  smooth  apply  to  the  surface  of  the  straw, 
and  these  terms  should  be  used  onl}'^  where  straws  may  be  compared 
side  by  side,  as  all  w^heat  straws  are  more  or  less  furrowed. 

The  terms  soUd^  semisolid,  and  Iwllow  (PI.  V,  figs.  1,  2,  and  3)  apply 
to  the  amount  of  pith  in  the  culm  about  halfway  between  the  top  of 
the  upper  leaf  sheath  and  the  base  of  the  head,  solid  being  used  when 
the  straw  is  entirely  full  of  the  pith,  semisolid  when  only  a  very  small 
hole  through  the  center  of  the  straw  is  open,  and  hollow  when  the 
pith  is  entirelv  absent  or  consists  onlv  of  a  thin  laver  on  the  inside  of 
the  culm. 

The  terms  thick,  medium,  and  thi^i  applied  to  the  walls  of  the  culm 
are  relative,  and  can  be  stated  onl}^  after  comparing  different  plants. 
In  considering  the  thickness  of  the  walls,  the  layer  of  pithy  tissue  on 
the  inside  must  not  be  included  as  part  of  the  wall.  The  thicknejis  of 
the  wall  indicates  to  some  extent  the  rigidity  of  the  culm  and  the 
ability  of  the  plant  to  stand  erect. 

The  color  terms  here  are  applied  to  the  culm  after  the  plant  is  com- 
pletely matured  and  are,  as  before,  only  comparative. 

The  terms  scanty^  medium^  and  almndant^  applying  to  the  foliage, 
should  be  marked  only  when  opportunity  is  had  of  seeing  various 
plats  of  grain  together  under  similar  conditions. 

The  percentage  of  rust  for  leaves  and  stems  must  be  estimated,  con- 
sidering 100  per  cent  damage  in  either  case  as  applying  to  cases  where 
the  surface  of  the  leaves  or  stem  is  completel}^  covered  with  rust 
pustules,  and  zero  per  cent  when  no  rust  is  observed.  This  estimate 
may  be  based  on  a  single  plant  or  on  a  whole  plat  of  grain,  as  occasion 
requires. 

When  estimating  smut  of  either  sort  the  same  is  true.     When  every 
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grain  in  the  head  or  in  every  head  is  infected  the  i)ercentage  is  100, 
and  zero  when  the  plant  or  plat  is  entirely  free  from  smut. 

Ift^id  {jield  iwtets), — The  term  heardless  is  applied  to  those  heads 
the  flowering  glumes  of  which  bear  no  awns  longer  than  1  centimeter; 
-partly  hearded  where  some  of  the  flowering  glumes  bear  awns  longer 
than  1  centimeter  while  others  bear  awns  much  shorter,  and  hearded 
when  all  the  flowering  glumes  bear  awns  longer  than  a  centimeter. 
The  terms  erect ^  leaning^  and  nodding  apply  to  the  way  the  head  is 
borne  by  the  stem  at  or  after  maturity.  The  dates  of  appearance, 
flowering,  and  maturing  need  no  explanation. 

The  terms  shattering  hadJy^  medium^  and  mme  apply  to  the  ability  of 
the  glumes  to  hold  the  grain  after  maturity.  These  are  onl}'  compar- 
ative terms,  as  this  is  a  quality  difficult  of  actual  measurement,  but  it 
is  an  item  of  great  importance,  in  all  the  large  wheat-producing  regions 
and  should  be  most  carefully  considered. 

Head  {l^dxxratory  w<?^<^).2— The  length  measurement  should  be  taken 
from  the  lowest  joint  of  the  head  to  the  tip  of  the  apical  flowering 
glume,  not  counting  the  awn   if  one  is  borne  by  this  glume.     The 
terms  very  open  (PI.  Ill,  fig.  2,  No.  1),  ojpen^  medium^  compact^  and 
crowded  (PI.  Ill,  fig.  2,  No.  2)  apply  to  the  way  the  spikelets  are 
borne  in  the  head.     These  are  relative  terms,  since  the  size  of  the 
spikelet  has  some  influence  in  this  matter,  making  the  statement  of 
this  quality  by  giving  the  distance  between  the  joints  unsatisfactory. 
Under  shape  of  spike,  the  term  tapering  tatcard  apex  should  be 
applied   to   those  which  taper  gradually  from  about  the  middle  or 
below.     Tapering  both  ways  should  be  applied  to  those  spikes  which 
are  spindle-shaped  or  larger  in  diameter  at  the  middle  than  at  either 
end.      Uniform  (PI.  Ill,  fig.  2,  No.  1)  applies  to  those  spikes  which 
are  very  nearly  the  same  diameter  throughout  their  length.     CluMed 
(PI.  Ill,  fig.  2,  No.  2)  should  be  applied  to  those  spikes  which  are 
larger  at  the  tip  than  below.      The  term  tij)  acute  (PL  III,  fig.  2, 
Xo.  1)  is  applied  to  those  spikes  which  terminate  with  one  or  two 
undeveloped  spikelets,  and  tip  hhint  (PI.  Ill,  fig.  2,  No.  2)  to  those 
having  terminal  spikelets  well  filled  out;  hajie  ahnqjt  to  those  having 
basal  spikelets  well  developed,  and  ha^'<e  tapering  to  those  having  the 
basal  spikelets  very  small  or  undevelojx^d.     Square  applies  to  those 
spikes  the  diameters  of  which  through  and  across  the  spikelets  are 
about  the  same,  and  flattened  with  spikelets  (PI.  Ill,  fig.  2,  Nos.  5 
and  6)  to  those  spikes  which  have  the  diameter  through  the  spike- 
lets smaller  than  the  diameter  across  the  individual  spikelet,  the  con- 
dition commonly  found  in  Triticara  sestivum;  while  flattened  across 
pikelets  (PL  III,  fig.  2,  Nos.  3  and  4)  applies  to  those  spikes  having 
the  diameter  through  the  spikelets  greater  than  that  across  them,  the 
condition  conuuon  to  the  varieties  of  Triticum  durarn.     The  tenns 
straight  and  slightly  curved  need  no  explanation. 
The  color  terms  are  again  relative. 


14  THK   DESCRIPTION    OF   WHEAT   VARIETIES. 

Atfms. — The  terms  fong^  medium^  and  nJuyrt  are  only  comparative, 
as  are  the  terms  slender^  niediutn^  and  ntouL  The  terms  ord^rJy^ 
medium^  and  irregnlm\  and  parallel^  H].)Teciding^  and  Hjrreadtng  fcidely 
apply  to  the  wa}'^  the  awns  stand  in  relation  to  the  head.  Orderly  is 
used  when  the  awns  are  uniform  in  length  or  position,  and  irr^t/iilar 
when  some  of  them  are  long  and  others  short  or  when  some  are  par- 
allel to  the  spike  and  others  twisted  or  divergent.  Deciduom^  partly 
decidiums^  and  persuteiit  apply  to  the  way  the  awns  are  retained  after 
the  plant  reaches  maturity.  Some  plants  normally  have  awns  so 
brittle  that  they  break  at  the  point  of  juncture  with  the  flowering 
glume  soon  after  the  plant  reaches  maturity. 

The  color  terms  again  are  relative. 

Spikdets, — The  terms  spreading  widely  ^spreading  ^  and  narrmc  applj" 
to  the  width  of  the  spikelet,  or  the  w^ay  the  glumes  are  set.  Plate  IV 
shows  extreme  cases  of  the  width  of  spikelets.  The  numher  of  grains 
per  spikelet  means  the  number  of  grains  borne  in  an  average  well- 
developed  spikelet. 

The  structure  of  the  spikelet  and  the  shape  of  the  various  glumes 
are  of  such  importance  in  describing  wheat  varieties  that  they  deserve 
special  attention.  The  spikelet  is  composed  of  several  flowers  borne 
alternately  on  a  short  branch  of  the  spike  called  the  luchilla,  and  sub- 
tended by  two  large  bracts,  or  outer,  empty  glumes.  These  glumes  are 
hereafter  called  the  outer  glumes  and  should  not  be  confused  with  the 
flowering  glume  which  surrounds  each  flower  or  grain.  The  long  awns 
of  the  spike,  when  present,  are  borne  on  the  flowering  glumes.  The 
outer  glumes  never  bear  awns  longer  than  two  or  three  centimeters. 

In  Plate  V,  fig.  13,  is  shown  a  spikelet  split  apart  to  show  the  i-achilla 
and  the  way  the  glumes  are  borne,  and  in  the  same  plate  (fig.  19)  is 
shown  the  compound  spikelet  found  in  the  so-called  Muimny  wheat, 
or  Seven-headed  wheat.  In  the  latter  case  the  spike  is  branched  and 
each  branch,  in  turn,  bears  true  spikelets. 

There  is  usually  borne  on  the  rachis  at  the  base  of  each  spikelet, 
below  the  outer  glumes,  a  growth  of  short,  bristly  hairs  (PI.  IV,  fig. 
1)  which  are  here  called  basal  hairs  and  which  may  be  described  bj^ 
the  terms  hmg^  medhim^  Hhart^  and  frantrng,  and  in  color  either  white 
or  brown.  These  hairs  should  not  })e  confused  with  the  hairs  some- 
times present  on  the  outer  glumes. 

The  outer  glume  may  be  either  hairy,  partly  hairy,  or  smooth.  Plate 
VII,  tigs.  4  and  G,  shows  types  of  hairy  and  smooth  glumes,  while  in 
Plate  V,  tig.  14,  is  shown  a  spikelet  of  which  not  only  the  outer  glumes 
are  hairy  but  also  the  flowering  glumes  as  well.  The  terms  gl^>si<y^ 
medium,,  and  dnU  apply  to  the  surface  of  the  outer  glume,  as  do  the 
terms  uniform  in  cohrr  and  streaked. 

The  terms  hroad^  7n€d!u)n^  and  nair^^tn  apply  to  the  shape  of  the 
outer  glume:  that  is,  to  the  way  the  wings  on  either  side  of  the  keel 
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fit  around  the  flowering  glume.  Plate  IV,  fig.  2,  shows  a  spikelet  with 
narrow  outer  glume,  while  in  Plate  V,  fig.  1J>,  the  glumes  on  the  com- 
pound spikelet  are  relatively  broad.  The  terms  long^  medium^  and 
4fhort  apply  to  the  relative  length  of  this  outer  or  flowerless  glume. 
The  spikelet  in  Plate  IV,  fig.  2,  has  short  outer  glumes,  while  the 
spikelet  in  tig.  1  has  long  glumes;  that  is,  glumes  nearly  or  (|uite  as 
long  as  the  flowering  glumes. 

The  terms ,/?rw<,  inedlum^  and  treak  under  attachment  have  to  do  with 
the  firmness  of  the  attachment  of  the  glumes,  when  ripe,  to  the  i-achilla 
upon  which  they  are  borne.  This  firmness  of  attachment  indicates  the 
ability  of  the  glumes  to  retain  the  grain  after  the  plant  reaches  maturity. 

The  keel  of  the  outer  glume  is  the  pronounced  central  nene  and 
may  be  broad,  medium,  or  narrow.  Varieties  of  Tritlcum  dunnn  are 
characterized  by  the  broad  keel  (PI.  VII,  fig.  1)  which  is  prominent 
throughout  its  entire  length.  The  keel  is  always  present,  but  may  not 
be  distinct  in  some  varieties  of  Trlticmu  wxtlvuin. 

The  beak  of  the  outer  glume  is  the  tip  of  the  keel.  It  ma^'  l)e  either 
long  (PI.  VI,  figs.  6  and  7),  medium  (fig.  5),  or  short  (figs.  1  and  2),  and 
acute  or  blunt. 

The  shoulder  of  the  outer  glume  is  that  portion  on  either  side  of  the 
midrib  at  the  tip  of  the  glume  and  it  may  be  either  broad  (PI.  VI,  fig. 
2),  medium  (fig.  1),  or  narrow  (fig.  5),  and  square  (PI.  VII.  tig.  5), 
sloping  (tig.  1),  or  round  (tig.  6). 

The  auricle  of  the  outer  glume  (PI.  VII,  tig.  5)  occurs,  when  present, 
at  the  tip  of  the  shoulder,  which  is  sometimes  extended  into  a  distinct 
ear.  It  may  be  sharp  (PI.  VI,  tig.  4),  medium,  blunt  (tig.  1),  or  want- 
ing (tig.  3). 

The  auricle  notch  (PI.  VII,  fig.  5)  is  the  notch  in  the  tip  of  th(^  outer 
^lume  l)etween  the  auricle  and  the  beak.  It  may  be  deep  (PI.  VI, 
fig.  1),  medium,  shallow  (tig.  7),  or  wanting  (fig.  5). 

The  apical  glumes  are  the  outer  glumes  of  the  apical  spikelet,  and 
they  sometimes  show  distinct  differences.  Two  types  of  these  outer 
g-lumes,  of  which  there  are  but  two  on  each  spike,  are  shown  in  Plate 
VII,  figs.  2  and  3.  These  glumes  may  be  keeled  or  not  keeled,  notched 
or  rounded,  and  thev  mav  be  similar  or  dissimilar. 

Grain. — The  terms  very  hard^  hard^  medluin^  f*({ft^  and  very  soft  are 
only  comparative,  but  are  convenient  in  distinguishing  between  differ- 
ent sorts  of  grain. 

The  size  is  determined  by  weighing  100  avenigo  seeds.  This  determi- 
nation should  be  made  in  duplicate,  at  least. 

The  terms  long^  )ned!uw^  and  short,  applying  to  the  shape  of  the  grain, 
are  only  comparative.  They  apply  to  the  relative  length  and  diameter 
of  the  grain.  Extreme  types  are  shown  in  Plate  V.  The  grain  may 
also  be  either  curved  (fig.  4),  straijjfht  (tig.  0),  or  pear  shaped  (tig.  8). 
The  pear-shaped  grain  is  the  kind  sometimes  known  as  club  wheat. 
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The  term  cluhbed  has  been  applied  indiscriminately  to  either  the  shape 
of  the  head  or  the  shape  of  the  grain,  but  in  the  accompanying  form 
the  word  duhhed  is  reserved  to  describe  the  shape  of  the  head,  while 
the  tenii  jyear-ahxiped  is  used  for  the  grain.  The  grain  may  be  thin, 
medium,  or  plump,  and  flat-cheeked,  plump-cheeked  (PL  V,  fig.  12),  or 
angular-cheeked  (fig.  10),  the  cheek  of  the  grain  here  meaning  the  por- 
tion on  either  side  of  the  crease.  It  may  also  be  pointed  or  blunt  at 
the  tip  and  pointed  or  blunt  at  the  base. 

The  color  tenns  are  again  only  comparative. 

The  brush  of  the  gi*ain  is  the  growth  of  hair  at  the  tip  or  the  end 
opposite  the  germ.  The  terms  large  and  mnall  apply  to  the  area  over 
which  the  brush  i?5  borne,  and  the  terms  long  and  8}u>rt  apply  to  the 
length  of  the  hairs.  The  grain  of  Triticum,  dtiruvi  is  characterized 
by  the  extreme  shortness  of  the  brush  (PL  V,  fig.  4),  but  some  slight 
growth  of  hair  is  always  present,  even  in  varieties  of  this  species. 

The  crease  of  the  grain  is  the  indentation  extending  along  the  side 
opposite  the  germ.  This  crease  may  be  deep,  medium,  or  shallow; 
that  is,  the  portion  of  the  endosperm  between  the  bottom  of  the  crease 
and  the  outer  skin  of  the  berry  may  be  thick  or  thin  and  the  crea^se 
may  be  either  wide,  medium,  or  narrow.  The  cross  sections  of  the 
gfain  shown  in  Plate  V,  figs.  10,  11,  and  12,  give  a  good  example  of 
extreme  cases  of  this  characteristic.  The  terms  very  homy^  komy^  duUy 
and  starchy  apply  to  the  texture  of  the  grain  in  cross  section. 

Milling  qualities,, — The  terms  Jirst-class^  good^  medin7n^  and  p/M/r 
are  purposely  indefinite  here  because  it  is  impossible  to  give  in  so 
brief  a  space  more  definite  expression  of  the  chaiucters  which  go  to 
determine  the  milling  qualities  of  the  wheat  and  the  terms  used  give 
at  least  an  idea  of  the  opinion  of  the  observer. 

General  characte/^stics. — The  terms  hardy,  medium^  and  di^luate, 
early,  niediiun,,  and  late  need  no  explanation.  The  days  maturing 
should  be  given  as  the  time  from  the  planting  of  the  grain  until  the 
plant  is  fully  matured.  Autumn  planted  and  spring  planted  reier  to 
the  season  of  the  year  when  the  grain  was  sow^n.  Drought  resistance 
is  a  teiTO  applied  to  the  ability  of  wheats  to  mature  well  under  droughty 
conditions;  the  adjectives  good,  medium,  and  pooi^  serve  to  indicate 
the  observer's  idea  of  the  relative  merits  of  a  variety  in  this  regard. 
The  amount  of  yield  should  be  stated  in  grams  per  plant  or  bushels 
per  acre. 
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DESCBIFTION  OF  PLATES. 

Plate  I.  Two  examples  of  different  tyi)es  of  wheat  having  the  same  name.  Natural 
size.  Fig.  1. — The  tyi)e  of  a  variety  known  as  Early  Ripe,  from  the  Ohio  State 
Experiment  Station.  Fig.  2. — The  type  of  the  variety  Eariy  RijK*,  from  the 
Oklahoma  Experiment  Station.  Fig.  3. — The  type  of  a  variety  known  as 
Emporium,  from  the  Waj?hington  State  Experiment  Station.  Fig.  4. — The  type 
of  the  variety  Emporium,  from  the  Utah  Experiment  Station. 

Plate  II.  Three  different  types  of  wheat  having  the  same  name.  Natural  size. 
Fig.  1. — A  beardless,  smooth-chaffed  wheat,  known  as  Velvet  Chaff,  from  the 
Utah  State  Experiment  Station.  Fig.  2. — A  l)eardles8,  hairy-chaffed  wheat, 
known  as  Velvet  Chaff,  from  the  Colorado  State  Experiment  Station.  Fig.  3. — 
A  bearded,  hairy-chaffed  wheat,  known  as  Velvet  Chaff,  from  the  Ohio  State 
Experiment  Station. 

Plate  III.  Fig.  1. — Auricles  and  stipules  of  wheat  leaves.  Enlarged  seven  times. 
Showing  point  of  juncture  of  blade  and  sheath  of  the  leaf.  No.  1. — The  stem 
removed  to  show  the  entire  ligule.  No.  2. — The  leaf  in  natural  position,  with 
the  sheath  clasping  the  stem.  Fig.  2. — Tyi^s  of  wheat  spikes.  Natural  size. 
No.  1. — Spike  beardless,  nine  centimeters  long,  very  open,  uniform,  tip  acute, 
base  tapering,  flattened  with  the  spikelets,  and  straight;  glumes  smooth.  No. 
2. — Spike  bearded,  eight  centimeters  long,  crowded,  clubbed,  tip  blunt,  base 
tapering,  square  and  straight;  glumes  hairy.  Noe.  3  and  4. — Spike  of  T.  durum 
shown  in  two  positions  to  illustrate  *'  flattened  across  spikelets."  The  diameter 
of  the  spike  through  the  spikelets  (No.  3)  is  greater  than  across  the  spikelets 
(No.  4.)  Nos.  5  and  6. — Spike  of  1\  astirum  shown  in  two  positions  to  illustrate 
"flattened  with  spikelets."  The  diameter  of  the  spike  through  the  spikelets 
(No.  5)  is  less  than  across  the  spikelets  (No.  6.) 

Plate  IV.  Different  types  of  wheat  spikelets.  Enlarged  five  times.  Fig.  1. — A  nar- 
row spikelet  containing  three  grains  with  long  basal  hairs,  and  with  long,  smooth, 
narrow  outer  glumes,  each  with  a  narrow  keel  and  a  long,  acute  beak;  the  flow- 
ering glumes  firmly  attached,  and  with  the  awns  of  two  of  them  broken  off. 
Fig.  2. — A  broad  spikelet  containing  five  grains  with  short  basal  hairs,  and  with 
short,  smooth,  narrow  outer  glumes,  each  with  a  narrow  keel  and  a  very  short, 
blunt  beak.  The  flowering  glumes  are  firmly  attacheil,  and,  while  each  has  an 
awn,  these  are  so  short  that  the  spike  would  l)e  called  beardless. 

Plate  V.  Various  types  of  culms,  grain,  and  spikelets.  Twice  natural  size.  Fig. 
1. — Culm  solid.  Fig.  2. — Culm  semisolid.  Fig.  3. — Ouhn  hollow.  Fig.  4.— 
Grain  long,  curved;  brush  short.  Fig.  5. — Grain  short,  tip  blunt,  base  pointed; 
brush  large,  long.  Fig.  6. — Grain  medium  length,  straight;  tip  blunt,  base 
pointed;  brush  short.  Fig.  7.— Grain  short;  tip  and  base  pointed;  brush  small, 
long.  Fig.  8. — Grain  short,  pear-shaped;  tip  pointed,  base  blunt;  brush  small, 
long.  Fig.  9. — Grain  short,  straight;  base  and  tip  blunt;  brush  large,  long. 
Fig.  10. — Section  of  grain  showing  angular  cheek,  with  crease  deep  and  narrow. 
Fig.  11.— Section  of  grain  showing  plump  cheek,  with  crease  deep  and  broad. 
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Fig.  2.— Types  of  Wheat  Spikes.    Natural  Sue. 
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LETTER  OF  TRANSMITTAL 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
WashingUm,  D.  C,  June  18,  1903. 
Sik:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  "  The 
Apple  in  Cold  Storage,"  and  respectfully  recommend  that  it  be  pub- 
lished as  Bulletin  No.  48  of  the  series  of  this  Bureau. 

This  i)aper  was  prepared  by  Mr.  G.  Harold  Powell,  Assistant 
Pomologist  in  Charge  of  Field  Investigations,  and  Mr.  S.  H.  Fulton, 
Assistant  in  Pomology,  and  has  been  submitted  hy  the  Pomologist 
\rith  a  view  to  publication. 

The  illustrations  which  ac<;ompany  this  report,  consisting  of  five 
oolortypes  and  one  half-tone  plate,  are  considered  essential  to  a  full 
understanding  of  the  text. 
Bespectfully, 

B.  T.  Galloway, 

CJmif  of  Burea  u, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


Apple  culture  has  attained  such  proportions  in  the  United  States 
that  the  harvesting  and  disposition  of  the  crop  have  become  mattere 
of  national  importance.  A  general  failure  of  the  crop  of  winter  apples 
in  anv  season  results  in  serious  disturbance  of  commercial  conditions 
in  many  important  agricultural  regions  and  involves  heavy  losses  to 
mercantile  and  transportation  interests,  as  well  as  to  the  growers.  At 
the  same  time  it  inflicts  a  serious  hardship  upon  consumers  by  depriv- 
ing them  of  this  the  most  useful  fruit  in  their  household  econonn'. 

Next  to  crop  failure  and  the  control  of  injurious  diseases  and  insects, 
the  most  important  feature  of  commercial  apple  growing  at  the  present 
time  is  undoubtedly  the  preservation  of  the  crop  for  a  sufficient  time 
to  permit  its  distribution  to  consumers  in  sound  and  wholesome  con'- 
dition,  in  both  home  and  foreign  markets,  throughout  the  winter  sea- 
son.    This  feature  has  become  very  prominent  since  apple  orcharding 
has  developed  on  a  large  scale  in  the  middle  and  more  southern  States, 
where  the  cJimatic  conditions  at  the  time  of  the  apple  harvest  are  fre- 
quently unfavorable  to  long  durability  of  fruit.     Under  the  deteriorat- 
ing influence  of  warm  weather  during  September  and  October  a  large 
part  of  the  crop  frequently  reaches  full  ripeness  and  is  thrown  upon 
the  market  in  perishable  condition  before  midwinter.     This  results  in 
disastrous  gluts  and  ruinousl}^  low  prices  for  a  time,  followed  by 
scarcit}^  of  fruit  and  abnormally  high  prices  to  the  consumer  in  the 
late  winter  and  early  spring. 

The  successful  keeping  of  apples  on  a  large  scale  in  refrigerated 
storage,  which  began  about  1890,  was  welcomed  b}^  growers  and  deal- 
ers a.s  a  solution  of  the  problem,  and  the  practice  of  storing  in  this 
way  has  since  developed  to  very  large  proportions.  Experience  has 
demonstrated,  however,  that  in  manv  instances  fruit  stored  in  such 
houses  in  the  fall  has  failed  to  come  out  in  good  condition  in  the  late 
winter  or  spring,  to  the  serious  loss  of  the  owner.  It  has  long  been 
observed  also  that  different  lots  of  fruit  in  the  same  storage  room 
behave  differently,  some  keeping  in  excellent  condition,  while  others 
spoil.  A  browning  of  the  skin  of  the  apple  w^hile  in  storage  or  shortly 
after  removal  therefrom,  generally  known  as  ''scald,"  also  frequently 
lessens  the  beauty  of  the  fruit  and  therefore  its  selling  value,  even 
when  its  food  value  is  but  little  impaired. 
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6  PREFACE. 

In  investigating  this  subject  with  a  view  to  reducing  the  uncertainty 
and  the  loss,  it  has  been  found  necessaiy  to  take  up  the  entire  question 
of  orchard  location  and  cultural  treatment,  as  well  as  the  methods 
employed  in  picking,  packing,  and  shipping  the  fruit,  all  of  thesse  hav- 
ing important  bearing  on  the  durability  of  the  product  after  it  reaches 
the  storage  house.  Systematic  work  along  these  lines  was  begnn  in 
the  autumn  of  1901  and  has  been  continuous  since  that  time.  The 
problems  involved  are  so  complex  and  varied  in  view  of  the  large 
number  of  varieties  now  commercially  grown  and  the  wide  rang-e  of 
climatic  and  soil  conditions  involved  that  accurate  and  comprehensive 
generalization  of  results  will  require  several  repetitions  of  most  of  the 
experiments.  Certain  discoveries  of  distinct  economic  importance 
have  been  made  during  the  progress  of  these  investigations  which 
appear  to  render  the  publication  of  this  preliminary  report  advisable 
at  this  time  in  order  that  they  may  be  available  for  application  to  the 
handling  of  the  crop  of  the  current  season. 

The  investigation  referred  to  has  been  conducted  and  this  bulletin 
prepared  by  Mr.  G.  Harold  Powell,  Assistant  Pomologist  in  Charg-e 
of  Field  Investigations,  and  Mr.  S.  H.  Fulton,  Assistant  in  Pomology, 
under  the  direction  of  Mr.  William  A.  Taylor,  Pomologist  in  Charge 
of  Field  Investigations.  While  the  experimental  work  of  the  Depart- 
ment has  covered  but  two  seasons,  the  experience  of  many  of  the  lead- 
ing cold-storage  men  of  the  country  has  been  drawn  upon  and  freely 
given.  It  is  therefore  believed  that  the  bulletin  in  its  present  form 
affords  a  safe  guide  in  the  matter  of  winter-apple  storage  in  refriger- 
ated warehouses. 

G.  B.  Brackett, 

Office  of  Pomoloqical  Investigations, 

Washmgton,  D.  C,  May  29,  1903. 
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THE  APPLE  IN  COLD  STORAGE. 


INTBODTJCnON. 

The  application  of  cold  temperatures  to  the  preservation  of  fruits 
has  profoundly  influenced  the  development  of  American  fruit  grow- 
ing. When  orchard  products  had  to  be  transported  to  market  in  com- 
mon freight  cars  and  express  cars  or  by  boats  running  on  slow  sched- 
ules, and  the  surplus  fruit  was  stored  in  cellars,  pits,  and  fruit  houses 
without  artificial  cooling,  it  was  necessary  to  dispose  of  the  crop 
quickly  in  local  markets  to  prevent  unusual  losses  from  decay.  Ever 
under  the  most  favorable  conditions,  the  markets  were  often  over- 
supplied  in  the  fall  months,  with  an  accompan3'ing  demoralized  condi- 
tion in  the  fruit  trade,  especially  when  the  weather  was  hot,  while  the 
supply  of  fruit  was  exhausted  early  in  the  winter  and  the  mai'kets 
were  barren  during  the  remaining  season. 

The  development  of  the  fruit-refrigenitor-car  service  and  other 
improved  methods  of  trans]X)rtation  have  made  f luit  growing  possible 
in  remote  parts  of  the  country  and  have  facilitated  the  wide  distribu- 
tion of  the  most  perishable  products.  Mechanical  refrigeration  on 
shipboard  and  the  introduction  of  other  special  facilities  for  fruit 
transportation  are  extending  the  markets  for  fresh  fruit  abroad.  The 
growth  of  the  cold-storage  warehousing  business  is  making  the  season 
of  fresh  fruits  and  vegetables  perennial.  It  is  distributing  them  more 
uniformly  throughout  the  season  and  is  thereby  contributing  to  their 
freer  use,  to  more  steady  markets  and  uniform  prices,  and  to  a  more 
stable  fruit  business. 

INFIiTTEKCE  OF  COLD  STORAGE  ON  THE  APPLE  INDUSTBY. 

Cold  storage  is  having  an  important  influence  in  developing  the 
apple  industry  as  a  stable  business.  Instead  of  an  incidental  feature 
of  the  general  farm,  the  apple  is  now  the  principal  crop  in  large 
sections  of  the  country,  and  its  production  and  the  handling  and 
marketing  of  the  crop  are  becoming  highly  specialized  forms  of 
agriculture  and  of  trade. 

Formerly  the  marketing  of  the  crop  was  largely  controlled  by  tlie 
apple  grower,  but  now  the  growing  of  the  crop  and  its  sale  are  rapidly 
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10  THE   APPLE   IN   COLD   STORAGE. 

differentiating  into  two  distinct  lines.  In  many  of  the  principal  fruit- 
growing districts  the  handling  of  the  crop  and  its  marketing  are  con- 
trolled largely  by  fruit  organizations  or  by  apple  merchants  who  buy 
the  fruit  in  the  orchards  and  who,  through  the  special  development  ol 
fruit  and  market  statistics,  are  better  able  than  the  fruit  grower  to 
regulate  it-s  distribution  and  sale.  This  greater  stability  and  special- 
ization in  apple  growing  is  accompanied  by  a  large  amount  of  specu- 
lation. Through  a  combination  of  the  buyers  the  fruit  may  not 
always  sell  in  the  orchard  for  its  real  value,  but  on  the  other  hand  the 
severe  competition  in  buying  in  those  sections  where  the  industry  is 
especially  well  developed  frequently  brings  the  grower  the  highest 
prices. 

Apple  storage  is  not  always  profitable.  It  is  an  insurance  against 
the  premature  deterioration  of  the  fruit,  but  when  the  picking  season 
is  unusually  hot  and  there  are  delays  in  getting  the  fruit  into  storage, 
the  subsequent  losses  are  sometimes  ver}'  heavy.  On  the  other  hand 
the  autumn  may  be  unusually  cool  and  favorable  for  storing  large 
quantities  of  apples  in  common  storage.  As  a  result  the  markets  are 
well  supplied  with  this  fruit  through  the  winter,  causing  the  cold- 
storage  stock  to  be  held  back  till  late  in  the  season,  when  it  has  to  be 
rushed  on  the  market  and  sold  at  a  sacrifice  on  account  of  the  approach- 
ing warm  weather  and  the  free  use  of  southern  early  fruits. 

On  the  whole  the  development  of  the  cold-storage  business  is  prov- 
ing beneficial  to  the  apple  industry  in  encouraging  the  development 
of  apple  growing  over  large  territories,  in  making  the  investment  of 
capital  in  it  safer,  in  developing  it  as  a  highly  specialized  type  of  agri- 
culture and  trade,  and  in  making  a  valuable  food  product  available  to 
an  increasing  number  of  people  over  a  greater  part  of  the  year. 

THE  EXTENT  OF  THE  COLB-STORAGE  WABEHOTJSING  INDUSTBT. 

The  magnitude  of  the  cold-storage  warehousing  business  and  its  im- 
portance to  the  fruit  industry  are  not  generally  recognized.  Accurate 
statistics  are  diflScult  to  obtain,  but  in  1901  it  was  estimated^  that  the 
capacity  of  the  cold-storage  warehouses,  including  meat,  egg,  and  but- 
ter storage,  was  150,000,000  cubic  feet  of  space,  of  which  50,000,000 
cubic  feet,  distributed  in  600  houses,  were  devoted  to  fruit  storage. 
Since  1901  there  has  been  a  large  increase  in  the  number  of  fruit- 
storage  houses,  especially  in  the  apple-growing  districts,  where  many 
plants,  with  a  capacity  of  5,000  to  30,000  barrels,  have  been  erected  in 
or  near  the  orchards  or  at  the  I'ailroad  stations. 

The  cold-storage  business  has  developed  most  extensively  in  the 
large  cities  and  in  towns  conveniently  located  for  distributing  the  fruit 
later  in  the  season  to  domestic  or  foreign  markets. 


«Bul.  Amer.  Warehouseman's  Ass'n,  Nov.,  1901,  ex  N.  Y.  Son. 
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The  following  table"  gives  a  list  of  the  cities  and  towns  in  which 
more  than  75,000  barrels  of  apples  were  stored  a)x)ut  December  1, 11H)2: 

CUies  and  toivwt  in  vhM  rnore  than  75^000  barrels  of  applet  irere  held  in  cold  storage 

about  December  i,  190:^. 


Place. 


Chicago.  Ill 

New  York,  X.Y 

Philadelphia.    Pa.,    and 

rieinity 

Rochester,  N.  Y 

St.  Louisa,  Mo 


N  amber 
of  bar- 
rels 
stored. 


Pla<'o, 


431,700 
200,000 

200,000 
130,000 
120,000 


Boston,  Mass..  and  vicinity 

Indianapolis,  Ind 

Leroy,  N.  Y 

Brightijn,  N.  Y 

Lockport.  N.  Y 

Albion,  N.  Y' 


Number 
of  bar- 

relH        ' 
stored. 


102,000 

100.000 

100,000 

90,000 

90,000 

Hri,ooo 


The  extent  of  the  apple-storage  business  in  States  in  which  more 
than  100,000  barrels  were  stored  ab^ut  December  1, 1902,  is  shown  in 
the  following  table: " 

States  in  which  more  than  100^000  barrels  of  apples  were  held  in  a>ld  Mnratje  about 

December  i,  1902. 


SUte. 


Number 
of  bar- 
rels 
stored. 


State. 


Number 
of  bar- 
rels 
stored. 


,     New  York 967,000 

j     lllinoLs '  524,400 

'    Missouri 827,000 

Pennsylvania 220,000 


Ohio 

Massachusetts 
Indiana 


135. «00 
11«,000 
107.500 


Large  quantities  of  apples  are  still  stored  in  cellars  and  common 
storage  houses,  especially  in  New  York  and  in  the  New  England  Sfates. 
The  extent  of  this  phase  of  the  storage  business  in  States  storing 
75,000  barrels  or  more  about  December  1,  1902,  is  given  in  the  fol- 
lowing table:" 

Apples  in  common  storage  about  December  i,  190^. 


State. 


I  Number  of 
!  barrels  in 
I  common 
I    storage. 


State. 


NewY'ork I      474,000 


Maine 

New  Hfimpshire. 


240,000 
123,000 


Massachusetts 
Vermont 


,  Number  of 
,  barrels  in 
I   common 
:    storage. 

'   100,000 
75,000 


**  Statistics   furnished    through  the  courtesy  of    the  National  Apple  Sliippers' 
AsBociation. 
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The  magnitude  and  growth  of  the  apple-storage  business  as  a  whole 
may  be  better  appreciated  by  reference  to  the  accompanying  table, 
which  represents  the  number  of  barrels  held  in  the  United  States  both 
in  cold  and  common  storage  about  December  1  each  year  since  1898:® 

Apples  in  storage  about  December  i,  1898-1903. 


Dattv 


I    Barrels  in 
I  cold  storage. 


1898 800,000 

1899 !      1,518,750 

1900 1,226,900 


Barrels  in 
common 
storage. 


Date. 


I   Barrels  in 
cold  storage. 


400,000 
681,500 
794,000 


Barrels  in 
common 
storage. 


1901. 
1902. 


1,771,200 
2,978.050 


138,000 
1,236,750 


The  approximate  number  of  barrels  stored  in  Canada  and  Nova 
Scotia  on  December  1,  1902,  was  437,200  in  common  storage,  and 
32,800  in  cold  storage. 

THE  FT7KCTI0K  OF  THE  COLD-STOBAGE  WABEHOTJSE. 

There  is  a  good  deal  of  misapprehension  as  to  the  function  of  a 
cold-storage  house  in  the  preservation  of  fruits.  This  condition  leads 
to  frequent  misunderstandings  between  the  warehouseman  and  the  fruit 
storer,  though  they  might  be  avoided  and  the  condition  of  the  fruit- 
storage  business  improved  if  there  was  a  clearer  definition  of  the  influ- 
ence on  fruit  prCvServation  of  cultural  conditions,  of  the  commercial 
methods  of  handling,  and  of  the  methods  of  storage. 

A  fruit  is  a  living  organism  in  which  the  life  processes  go  forward 
more  slowh^  in  low  temperatures,  but  do  not  cease  even  in  the  lowest 
temperatures  in  which  the  fruit  may  be  safely  stored.  When  the  fruit 
naturally  reaches  the  end  of  its  life  it  dies  from  old  age.  It  may  \ye 
killed  prematurely  b}^  rots,  usually  caused  by  fungi  which  lodge  on  the 
f iniit  before  it  is  packed,  or  sometimes  afterwards.  The  cold-storage 
house  is  designed  to  arrest  the  ripening  processes  in  a  temperature  that 
will  not  injure  the  fruit  in  other  respects  and  thereby  to  prolong  its 
life  history.  It  is  designed  also  to  retard  the  development  of  the  dis- 
eases with  which  the  fruit  is  afllicted,  but  it  can  not  prevent  the  slow 
growth  of  some  of  them.  It  follows  that  the  behavior  of  different 
apples  or  lots  of  apples  in  a  storage  room  is  largely  dependent  on  their 
condition  when  they  enter  the  room.  If  they  are  in  a  dissimilar  con- 
dition of  ripeness,  or  have  been  grown  or  handled  differentl}',  or  vary 
in  other  respects,  these  differences  may  be  expected  to  appear  as  the 
fruit  ripens  slowly  in  the  low  temperature.  If  the  fruit  is  already 
overripe,  the  low  temperature  can  not  prevent  its  deterioration  sooner 
than  would  be  the  case  with  apples  of  the  same  variety  that  were  in  a 
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less  mature  condition.  If  the  fruit  has  been  bruised,  or  is  covered 
with  rot  spores,  the  low  temperature  may  retard  but  can  not  prevent 
its  premature  decay.  If  there  are  inherent  differences  in  the  apples 
due  to  the  chai*acter  of  the  soil,  the  altitude,  and  to  incidental  features 
of  orchard  management,  or  variations  due  to  the  methods  of  picking, 
packing,  and  shipping,  the  low  temperature  must  not  be  expected  to 
obliterate  them,  but  rather  to  retard  while  not  preventing  their  normal 
development. 

In  general  it  is  the  function  of  the  cold-storage  warehouse  to  fur- 
nish a  uniform  temperature  of  the  desired  degree  of  cold  through  its 
compartments  during  the  storage  season.  The  warehouse  is  expected 
to  be  managed  in  other  respects  so  that  the  deterioration  of  the  fruit 
or  an\'  other  injury  may  not  be  reasonably  attributed  to  a  poorly  con- 
structed and  installed  plant,  or  to  its  negligent  or  impropi^r  manage- 
ment. The  warehouseman  does  not  insure  the  fruit  against  natural 
deterioration;  he  holds  it  in  storage  as  a  trustee,  and  in  that  relation 
is  bound  to  use  only  that  degree  of  care  and  diligence  in  the  manage- 
ment of  the  warehouse  that  a  man  of  ordinary  care  and  pnidence 
would  exercise  under  the  circumstances  in  protecting  the  goods  if 
they  were  his  private  property. 

If  the  temperature  of  the  storage  rooms  fluctuates  unduly  from  the 
point  to  be  maintained  and  causes  the  fruit  to  freeze  to  its  injury,  or 
to  ripen  with  abnormal  rapidity,  or  if  the  management  of  the  rooms 
or  the  handling  of  the  fruit  in  other  respects  can  be  shown  to  have 
been  faulty  or  negligent,  the  warehouse  has  failed  to  perform  its 
proper  function. 

PBINCIPLES  OF  MECHANICAL  REFBIOEBATION. 

Refrigeration,  or  cold  storage,  as  applied  to  warehouses,  is  usually 
produced  by  the  evaporation  of  a  liquefied  gas,  which  in  evaporation 
absorbs  the  heat  from  its  surroundings,  thereby  lowering  the  temper- 
ature. The  refrigerating  gases  generally  used  are  anhydrous  ammo- 
nia, sulphurous  acid,  and  carbonic  acid  (also  known  as  carbon  anliy- 
drid  and  carbon  dioxid).  The  cold  temperature  in  the  warehouses 
is  usually  produced  by  either  of  two  methods,  commonly  known  as  the 
compression  and  the  absorption  systems. 

The  compression  system  takes  its  name  from  the  fact  that  the  r(»f rig- 
erating  gas — whether  ammonia,  carbonic  acid,  or  sulphurous  acid — 
is  first  compressed  in  a  machine  called  a  compressor.  Heat  is  gener- 
ated by  the  compression;  the  gas  is  then  cooled  and  condensed  in  j)ipes 
or  coils  called  the  condenser,  either  immersed  in  water  or  having 
water  running  over  them,  and  this  converts  the  gas  into  a  liijuid.  The 
liquefied  gas  then  passes  an  expansion  valve  to  pipes  or  coils  called  the 
refrigerator  cooling  coils  or  cooler,  where  it  is  evaporated  by  the  heat 
which  is  withdrawn  from  the  surroundings.     The  gas  formed  by  the 
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evapomtion  of  the  liquid  returns  to  the  compressor,  is  again  condensed, 
then  reevaporated,  and  the  cycle  of  refrigeration  is  repeated  over  and 
over. 

In  the  absorption  system  the  gas  is  obtained  by  heating  strong-  aqua 
ammonia  in  a  still,  thereby  driving  off  the  ammonia  gas.     The  gas  is 
then  reduced  in  a  condenser  to  a  liquid  in  a  manner  similar  to  the  com- 
pression system.     The  liquefied  ammonia  produces  refrigeration  by 
evaporatmg  in  the  cooling  coils,  and  the  gas  is  then  absorbed  by  \>veak 
aqua  ammonia  in  coils  called  an  absorber.     The  resulting  strong  liquor 
is  then  pumped  back  to  the  still.     The  cycle  of  refrigeration  is  repeated 
continuously,  and  consists,  first,  in  the  generation  of  a  gas  bj-  heating 
strong  aqua  ammonia  in  a  still;  second,  in  condensing  the  gas  which 
is  deposited  from  the  water  to  a  liquid  in  the  condenser  coils;  third, 
in  its  evaporation  to  a  gas  in  the  cooling  or  refrigerator  coils;  fourth, 
in  its  absorption  by  the  weak  aqua  ammonia  in  the  absorber;  and  fifth, 
the  ammonia  liquor  is  piped  to  the  still  and  redistilled. 

THE    UTILIZATION   OF  THE   COLD   TEMPERATURES. 

There  are  three  general  methods  of  producing  the  desired  tempera- 
tures in  cold-storage  rooms,  and  these  are  known  as  the  direct-expan- 
sion, the  brine-circulating,  and  the  indirect  or  air-circulating  sj^stems. 
All  three  systems  ma}^  be  used  in  a  cold-storage  plant,  and  in  a  given 
room  or  compartment  the  air-circulating  system  is  sometimes  used  in 
connection  either  with  the  brine  or  the  direct-expansion  systems. 

THE   DIRECT-EXPANSION   SYSTEM. 

In  the  direct-expansion  system  the  liquefied  gas  eva]X)rates  directly 
in  the  cooling  refrigerator  coils  or  pipes  which  are  placed  in  the  refrig- 
erator rooms.  The  heat  used  in  the  evaporation  of  the  gas  is  absorbed 
from  the  room  or  from  its  contents,  and  the  temperature  is  thereby 
reduced.  The  gas  then  returns  to  the  compressor  in  the  compression 
system,  or  to  the  absorber  in  the  absorption  system,  and  after  being 
distilled  in  the  latter  case  begins  the  refrigerating  cycle  anew. 

THE   BRINR-CIRCrLATING    SYSTEM. 

In  the  brine-circulating  system,  the  liquefied  gas,  instead  of  evapo- 
rating directly  in  coils  iii  the  storage  room,  evaporates  in  pipes 
surrounded  by  brine,  or  in  a  brine  cooler.  The  heat  used  in  the 
evaporation  of  the  gas  is  absorbed  from  the  brine  rather  than  from 
the  room  and  its  contents,  as  in  the  direct-expansion  system.  The 
cold  brine  is  then  pumped  to  coils  in  the  storage  room  and  the  heat  of 
the  room  and  its  contents  is  absorbed  by  the  cold  brine.  The  wann 
brine  is  then  returned  to  the  tank  or  cooler  from  which  it  started  and 
is  recooled,  while  the  gas  returns  to  the  condenser  or  to  the  absorber 
to  renew  the  cycle  of  refrigeration. 
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THK  AIR-C'IRCTLATIXG    SYSTEM. 


In  the  indirect  or  air-circulating  s^'steni  the  air  in  a  well-int$ulated 
room,  which  is  sometimes  called  a  coil  room  or  a  "banker  room,"  is 
first  cooled,  either  b}'  the  direct-expansion  or  l)v  the  brine-circulating 
system.  The  cold  air  of  the  coil  room  is  then  forced  through  ducts 
to  the  storage  rooms.  After  passing  through  the  storage  rooms  it  is 
returned  by  ducts  to  the  coil  room  to  be  recooled  and  purified  and  to 
begin  the  circuit  anew. 

There  are  many  modifications  in  the  details  of  these  systems  when 
applied  to  storage  houses,  but  as  this  publication  does  not  deal  prima- 
rily with  the  engineering  side  of  refrigeration  it  is  the  purpose  to  set 
forth  approximately  the  fundamental  principles  on  which  the  most 
common  storage  systems  are  based  rather  than  to  discuss  their  appli- 
cation or  their  respective  merits. 

OT7TLINE  OF  EXPEBIMENTS  IN  APPI.E  STOKAGE. 

An  outline  of  the  apple  storage  experiments  of  the  United  States 
Department  of  Agriculture  is  presented  here.  The  following  problems 
have  been  under  investigation  during  two  apple  seasons: 

(1)  A  comparative  test  of  the  keeping  quality  of  a  large  number 
of  varieties  grown  in  different  regions  and  of  the  same  varieties  grown 
under  diflferent  conditions  and  in  different  localities. 

The  fruit  has  been  stored  in  closed  50-pound  l)oxes  in  a  temperature 
of  31*^  to  32^  F.  One-half  of  the  fruit  in  eiu'h  box  has  been  wrapped 
in  paper. 

(2)  A  determination  of  the  influence  of  various  commercial  methods 
of  apple  handling  on  the  keeping  quality  of  the  most  important  varie- 
ties in  the  leading  apple-growing  regions  of  the  eastern  United  States. 

Each  variety  has  been  picked  at  two  different  degrees  of  maturity: 
Rrst,  when  nearly  grown  but  only  half  to  two-thirds  colored,  or  about 
the  time  when  apples  are  usually  picked;  second,  when  the  fruit  was 
fully  grown  and  more  highly  colored,  but  still  hard.  In  each  picking 
the  fruit  was  separated  into  two  lots,  representing  the  average  of  the 
Bghtest  and  of  the  darkest  colored  or  most  mature  specimens. 

Part  of  the  fruit  of  each  series  was  sent  to  storage  as  soon  as  picked. 
A  duplicate  lot  was  held  two  weeks  in  the  orchard  or  in  a  building, 
either  in  piles  or  protected  in  packages,  before  it  was  sent  to  storage. 

Comparative  tests  have  been  made  to  determine  the  efficiency  of 
different  kinds  of  fruit  wi-appers  on  the  keeping  of  the  fruit,  and 
observations  on  the  behavior  of  the  fmit  in  closed  and  ventilated 
packages  have  been  recorded. 

(3)  A  determination  of  the  influence  of  various  cultural  and  other 
conditions  of  growth  on  the  keeping  quality  of  the  fruit. 

Comparison  has  been  made  with  the  same  variety  from  heavy  clay  and 
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from  sandy  soils,  from  sod,  and  from  cultivated  land,  from  young, 
rapidly  growing  trees,  and  from  older  trees  with  more  stead}'  habits. 

(4)  A  determination  of  the  behavior  of  the  fruit  under  the  condi- 
tions outlined  in  temperatures  of  31^  to  32"^  F.,  and  in  34^  to  36^  F. 

(5)  A  determination  of  the  behavior  of  the  fruit  when  removed 
from  storage,  and  of  its  value  to  the  consumer. 

The  fruit  used  in  the  investigations  has  been  taken  from  centi"al  and 
eastern  Kansas,  southwestern  and  central  Missouri,  southern  and  cen- 
tral Illinois,  western  Michigan,  northeastern  West  Virginia,  northern 
and  western  Virginia,  western  North  Carolina,  central  Delaware, 
southern  Maine,  central  Massachusetts,  and  from  eastern,  central,  and 
western  New  York.  A  description  of  each  orchard  accompanies  the 
data  included  in  the  account  of  the  variety  t^st.    (See  pages  34  and  35.) 

The  fruit  has  been  stored  in  the  following  cold-storage  houses: 
Washington  Market  Company,  Washington,  D.  C. ;  Reading  Terminal 
Market,  Philadelphia,  Pa.;  Quincy  Market  Cold  Storage  Company, 
Boston,  Mass. ;  Buffalo  Cold  Storage  Company,  Buffalo,  N.  Y. ;  West- 
ern Cold  Storage  Company,  Chicago,  111.;  Twin  City  Ice  and  Cold 
Storage  Company,  Champaign,  111.,  and  the  Armour  Packing  Com- 
pany, Kansas  City,  Mo. 

It  has  been  necessary  to  duplicate  the  work  in  different  parts  of  the 
countrv,  as  the  climatic  and  other  conditions  and  the  varieties  differ 
in  each  section.  The  work  must  be  repeated  for  several  successive 
seasons  before  general  conclusions  can  safely  be  drawn  from  it,  as  the 
climatic  conditions  differ  each  vear  and  therebv  affect  the  results. 

FACTOBS  INFIiUENCING  THE  KEEPING  aUAIilTY  OF  APPI.BS. 

THE    MATURITY   OF   THE    FRUIT   W^HEN   PICKED. 

In  recent  years  there  has  been  a  tendencj"  to  pick  the  apple  crop 
relatively  earlier  in  the  season  than  formerly.  It  is  quite  generally 
supposed  that  the  longest  keeping  apples  are  not  fully  developed  in 
size  or  maturity  and  that  the  most  highly  colored  fruit  is  less  able  to 
endure  the  abuses  that  arise  in  picking,  packing,  and  shipping. 

Aside  from  these  general  impressions,  several  important  economic 
factors  have  influenced  the  picking  time.  A  large  proportion  of  the 
apple  crop  is  purchased  in  the  orchard  by  the  barrel  or  by  the  entire 
orchard  b\^  a  compai*atively  few  apple  merchants.  The  fruit  may  be 
picked  and  barreled  either  by  the  grower  or  by  the  purchaser,  but 
with  the  growing  scarcity  of  farm  hands  and  other  labor  it  has  become 
necessaiy  to  begin  picking  relatively  earlier  in  the  autumn  to  secure 
the  crop  Ix^fore  the  fall  storms  or  winter  months  set  in. 

The  general  increase  in  freight  traffic  during  the  past  few  years  has 
overtaxed  the  carr3^ing  capacity  of  the  railroads  as  well  as  their  termi- 
nal facilities  for  freight  handling,  and  has  influenced  the  apple  dealers 
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to  extend  the  picking  and  shipping  season  over  the  longest  possible 
time,  in  order  to  avoid  congestion  and  consequent  delays  in  shipping 
and  in  unloading  the  fruit.  The  facilities  at  the  warehouses  are  often 
inadequate  for  the  quick  handling  of  the  fruit  from  the  cars  when  it 
Is  received  in  unusually  large  quantities,  and  this  condition  has  also 
favored  a  longer  shipping  season. 

In  localities  where  the  entire  crop  is  sometimes  ruined  by  the  bitter 
rot  after  the  fruit  is  half  grown  the  picking  of  the  apples  is  often 
begun  early  in  the  season  in  order  to  secure  the  largest  amount  of 
perfect  fruit. 

It  is  not  generally  the  case,  however,  that  the  immature  and  partly 
colored  fruit  has  the  best  keeping  quality.  On  the  other  hand,  an 
apple  that  is  not  overgrown  and  which  has  attained  full  growth  and 
high  color,  like  the  lower  figure  of  York  Imperial  in  Plate  I,  frontis- 
piece, but  is  still  hard  and  firm  when  picked,  equals  the  less  mature 
fruit  (upper  figure,  Plate  I)  in  keeping  quality,  and  often  surpasses  it. 
The  mature  fruit  is  superior  in  flavor  and  texture;  it  is  more  atti'aotive 
to  the  purchaser,  and  therefore  of  greater  money  value.  It  retains  its 
plumpness  longer  and  is  less  subject  to  apple  scald.  If,  however, 
the  fruit  is  not  picked  until  overripe,  it  is  already  near  the  end  of  its 
life  history,  and  will  deteriorate  rapidly  unless  stored  soon  after 
picking  in  a  low  temperature. 

In  the  experiments  with  the  Tompkins  King  and  the  Sutton  apples 
grown  in  New  York  on  i-apidly  growing  young  trees  producing 
unusually  large  apples,  the  fruit  that  was  three-fourths  colored  kept 
longer  than  the  full}'  colored  apples  from  the  same  trees.  Dark  red 
Tompkins  King  showed  28  per  cent  of  physiological  decay  in  Febru- 
ary following  the  storage.  Light,  half  red  Tompkins  King  from  the 
same  trees,  picked  at  the  same  time,  showed  10  per  cent  of  physiological 
decay  in  February  following  the  storage.  Plate  II  shows  Tompkins 
King  in  February  at  two  degrees  of  color.  The  fruit  represented  by 
the  lower  specimen  had  the  longer-keeping  quality,  even  though  both 
lots  were  hard  when  picked.  Whether  the  same  conditions  hold  true 
of  other  varieties  that  are  overgrown  has  not  been  determined.  , 

A  considerable  number  of  later  varieties  may  be  picked  when  they 
are  beginning  to  mellow,  and  will  keep  for  months  in  prime  condition 
provided  they  are  handled  with  great  care  and  quicklv  stored  after 
picking  in  a  temperature  of  31°  to  32*^  F.  Fruit  in  this  ripe  state  can 
not  be  left  in  the  orchard  or  in  wann  freight  cars,  or  in  any  other 
condition  that  will  cause  it  to  ripen  after  picking,  without  seriously 
injuring  its  value.  In  this  ripe  condition  it  should  be  stored  in  boxes, 
and  a  fruit  wrapper  will  still  further  protect  it. 

Apples  that  are  to  be  stored  in  a  local  cold-storage  house  to  ho.  dis- 
tributed to  the  large  markets  in  cooler  weather  may  be  picked  nuich 
later  than  fruit  requiring  ten  days  or  more  in  transit,  but  the  use  of 
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the  refrigerator  car  makes  late  picking  possible  where  the  fruit  must 
be  in  transit  for  a  considei'able  time  in  warm  weather  in  reaching  a 
distant  storage-house. 

HOW   T()   OBTAIN    MORE   UNIFORM    AND   BETTER  C*OLORED    FROT. 

While  it  is  not  the  purpose  of  this  publication  to  discuss  cultural 
practices  in  the  orchard,  some  suggestions  in  relation  to  the  methods  of 
securing  more  mature  and  more  highly  colored  fruit  may  not  be  without 
value  to  the  fruit  grower. 

A  large  proportion  of  the  poorly  colored  fruit  from  old  orcliards  is 
caused  by  dense-headed  trees  and  close  planting,  which  prevent  the  free 
access  of  air  and  sunlight  and  delay  the  maturity  of  the  fruit  in  the 
fall.  The  fundamental  corrective  in  such  cases  lies  in  judicious  pruning, 
by  which  means  the  fruit  may  be  exposed  to  the  sunlight. 

In  other  cases  the  poor  color  may  be  due  to  a  combination  of  heavy 
soil,  tillage,  frequent  turning  in  of  nitrogenous  cover-crops,  spi-ajing, 
and  neglect  in  pruning.  These  conditions  stimulate  the  trees  to  active 
growth,  the  foliage  increases  in  health,  size,  and  quantity,  and,  as  the 
water-holding  capacity  of  the  soil  is  enlarged  by  the  incorporation  of 
the  cover-crops  and  is  retained  by  the  tillage,  the  trees  grow  late  in  the 
fall  and  the  fruit  does  not  properly  color  before  the  picking  season 
arrives.  It  is  often  possible  to  overcome  the  difficulty  by  severely 
pruning  the  top  to  let  in  more  air  and  light.  If  this  treatment  does 
not  prove  efficient,  the  cover-crops  may  be  withheld,  when  the  fruit 
will  usuallv  mature  earlier  in  the  fall,  unless  the  season  is  wet.  As 
an  additional  treatment  where  necessary,  the  growth  of  the  orchard 
may  be  still  further  checked  by  seeding  it  down  until  the  desired  con- 
dition is  attained. 

It  is  not  possible  to  secure  a  uniform  degree  of  maturit}'  and  size 
when  all  the  apples  on  a  tree  are  picked  at  one  time,  as  fruit  in  different 
stages  of  growth  is  mixed  together  on  the  same  tree.  The  apples 
differ  in  size  and  maturity  in  relation  to  their  position,  the  upper 
outer  branches  producing  the  large,  highly  colored  and  early  ripening 
fruit,  while  the  apples  on  the  side  branches  and  the  shaded  interior 
branches  ripen  later.  Greater  uniformity  in  these  respects  is 
approached  by  proper  pruning  and  by  other  cultural  methods,  but  the 
greatest  uniformity  can  be  attained  when,  like  the  peach  or  the  pear, 
the  apple  tree  is  picked  over  several  times,  taking  the  fruit  in  each 
picking  that  approaches  the  desired  standard  of  size  and  maturity. 

Summer  apples,  like  the  Yellow  Transparent,  Astrachan,  and  Wil- 
liams, are  usually  picked  in  this  manner,  and  fall  varieties,  like 
Twenty  Ounce,  Oldenburg,  and  Wealthy,  are  sometimes  treated  simi- 
larly. In  recent  years  a  few  growers  of  winter  apples  have  adopted 
the  plan  for  the  late  varieties,  with  the  result  that  the  size,  color,  and 
ripeness  of  a  larger  proportion  of  the  fruit  are  more  uniform.     This 
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method  of  picking  is  not  usually  adapted  to  the  apple  merchant  who 
buys  the  crop  of  a  large  number  of  orchards,  and  who  (tan  not  always 
secure  efficient  or  abundant  labor,  but  for  the  specialist  who  i.s  work- 
ing for  the  finest  trade  and  who  has  a  storage  house  near  by  or  a  con- 
venient ref  rigeiutor  car  service  to  a  distant  storage  house,  the  plan 
has  much  to  commend  it. 

INIXUENCE   OF   DELAYING  THE   STORAGE  OF  TICE   FRUIT. 

The  removal  of  an  apple  from  the  tree  hastens  its  ripening.  As 
soon  as  the  growth  is  stopped  by  picking,  the  fruit  matures  more  rap- 
idly than  it  does  when  growing  on  the  tree  and  maturing  at  the  same 
time.  The  rapidity  of  ripening  increases  as  the  temperature  rises,  and 
it  is  checked  by  a  low  temperature.  It  appears  to  vary  with  the 
degree  of  maturity  at  which  the  fruit  is  picked,  the  less  mature 
apples  seeming  to  reach  the  end  of  their  life  as  quickh'  as  or  even  sooner 
than  the  more  mature  fruit.  It  varies  with  the  conditions  of  growth, 
the  abnormall}'  large  fruit  from  young  trees  or  fruit  which  has  l)een 
overgrown  from  other  causes  ripening  and  deteriorating  \ery  rapidly. 
It  differs  with  the  nature  of  the  varietv,  those  sorts  with  a  short  life  his- 
tor}',  like  the  summer  and  fall  varieties,  or  like  the  early  winter  apples, 
such  as  Rhode  Island  Greening^  Yellow  Bellflower,  or  Grimes  Oohhn^ 
progressing  more  rapidly  than  the  long-keeping  varieties  like  Koxbury, 
^^waar,  or  Baldwin. 

Any  condition  in  the  management  of  the  fruit  that  causes  it  to  ripen 
after  it  is  picked  brings  it  just  so  much  nearer  the  end  of  its  life, 
whether  it  is  stored  in  common  storage  or  in  cold  storage,  while  treat- 
ment that  checks  the  ripening  to  the  greatest  possible  degree  pro- 
longs it. 

The  keeping  quality  of  a  great  deal  of  fruit  is  seriously  injured  by 
delays  between  the  orchard  and  the  storage  house.  This  is  especially 
true  in  hot  weather  and  in  fruit  that  comes  from  sections  w^here  the 
autumn  months  are  usually  hot.  If  the  apples  are  exposed  to  the  siui  in 
piles  in  the  orchard,  or  are  kept  in  closed  buildings  where  the  hot, 
humid  air  can  not  easily  be  removed  from  the  pile,  if  transportation  is 
delayed  because  cars  for  shipment  can  not  be  secured  promptly,  or  if 
the  fruit  is  detained  in  transit  or  at  the  terminal  point  in  tight  cars 
which  soon  become  charged  with  hot,  moist  air  the  ripening  progresses 
rapidly  and  the  apples  may  already  be  near  the  point  of  deterioration 
or  mav  even  have  commenced  to  deteriorate  from  scald,  or  mellowness, 
or  decay  when  the  storage  house  is  reached. 

On  the  contrary,  the  weather  may  be  cool  duripg  a  similar  period  of 
delay  and  no  serious  injury  result  to  the  keeping  quality,  or  the  ri})on- 
ing  may  be  checked  in  hot  weather  by  shipping  the  fruit  in  refrigerator 
cars  to  a  distant  storage  house. 
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The  fungous  diseases  of  the  fruit,  such  as  the  apple  scab  {JFu^^da- 
dluvi  (le)i(Jriti(um  (Wallr.)  Fckl.)  and  the  pink  mold  {Cephalrfthecium 
roi^eum  Cda.)  which  grows  upon  the  scab,  the  blue  mold  {Pe7uc!I7irinh 
(jlauciuii  Link)  which  causes  the  common,  soft,  brown  rot,  the  black 
rot  {Sp/i(proj?fiis  malonun  Pk.),  and  the  bitter  rot  {^Gliwuporiurn yruc- 
tiijenum  Berk.)  develop  very  fast  if  the  fruit  becomes  heated  after 
picking.  The  conditions  already  enumerated  which  cause  the  fniit  to 
ripen  quickly  during  the  delay  between  the  orchard  and  the  storage 
house  are  also  most  favorable  to  the  development  of  fruit  diseases.  It 
is  therefore  of  the  greatest  importance  that  the  fruit  be  stored  inime- 
diately  after  picking,  if  the  weather  is  warm,  in  order  to  insure  it 
against  the  unusual  development  of  the  fungous  rots. 

In  the  fall  of  liiOl,  when  the  weather  in  western  New  York  was  cool, 
there  was  no  apparent  injury  from  delaying  the  storage  of  a  large 
number  of  varieties  two  weeks  and  then  shipping  the  fruit  to  Buffalo, 
the  transit  occupying  from  one  to  three  davs.  There  was  also  no 
apparent  injury  to  the  fruit  from  Virginia  treated  in  a  similar  manner, 
but  in  southwestern  Missouri,  where  it  was  warmer,  the  apples  delayed 
two  weeks  before  storing  were  seriously  injured  in  their  conmiercial 
keeping  qualities. 

The  results  accomplished  during  liH)2  have  been  of  the  most  instructive 
character.  During  the  later  half  of  September  the  temperature  in 
eastern  New  York  averaged  about  O^^F.,  with  a  humidity  of  84^. 
During  the  first  half  of  October  the  avei'age  temperature  was  53°  F. 
and  the  humiditv  80^. 

Khode  Island  Greenlmj^  Tompkins  King,  and  Sutton  apples  picked 
September  15,  li)()2,  and  stored  within  three  days,  were  firm  till  the 
following  March,  with  no  rot  or  scald,  })ut  fruit  from  the  same  tree-s 
not  stored  till  two  weeks  after  picking  was  badly  j^calded  or  decayed 
by  the  1st  of  January'.  None  of  the  immediate-stored  fruit  was  scalded 
or  decaved  bv  the  1st  of  Februarv,  but  the  delaved  Sutton  and  Rhode 
Island  6'^/•6v;^/;/r/ apples  were  soft  and  mealy,  and  one-third  were  scalded 
at  that  time,  while  nearly  40  per  cent  of  the  delayed  Tompkins  King 
were  soft  and  worthless.  The  commercial  value  of  these  varieties  was 
injured  from  40  to  7()  per  cent  by  the  d(*lay  in  stomge. 

A|)ples  of  these  varieties  picked  from  the  same  trees  on  October  5, 
19()2,  and  stored  immediately,  and  also  vsome  stored  two  weeks  later, 
were  less  injured  l)y  the*  delay,  as  the  temperature  and  humidity  were 
not  sufficiently  high  to  cause  rapid  ripening  or  the  development  of  the 
fruit  rots. 

From  the  standpoint  of  the  orchardist  or  apple  dealer  who  can  not 
secure  (piick  transportation  to  the  large  storage  centers,  or  who  can 
not  obtain  refrigerator  cars,  or  who  is  geogmphically  situated  where 
the  weather  is  usually  warm  in  apple-picking  time,  the  local  storage 
plant  in  which  the  fruit  ctui  be  stored  at  once  and  distributed  in  cool 
weather  offers  important  advantages.     The  importance  of  this  phase 
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of  the  fruit-storage  business  and  its  relation  to  the  fruit-growing  indus 
try  are  emphasized  as  the  apple  business  enlarges. 

INFLUENCE   OF   STORAGE   TEM1»ERATURE. 

The  investigations  indicate  that  the  ripening  processes  are  dehued 
more  in  a  temperature  of  31  to  S2  F.  than  in  35^  to  30'  F.  The 
apple  keeps  longer  in  the  lower  temperature,  it  scalds  less,  the  fruit 
rots  and  molds  are  retarded  to  a  greater  extent,  while  the  quality, 
aroma,  flavor,  and  other  characteiistics  of  the  fruit  are  fully  as  good, 
and  when  removed  from  storage  it  remains  in  good  condition  for  a 
longer  period. 

The  impression  is  quite  general  that  fall  varieties  and  the  tender 
early  winter  soi-ts,  like  Fameuse,  Wealthy,  and  (irrimes,  are  injured  in 
some  way  b}'  the  low  temperature,  but  the  investigations  of  the 
Department  of  Agriculture  indicate  that  these  varieties  behave  more 
satisfactorily  in  every  respect  when  stored  at  31^  to  32 -^  F. 

If  the  fruit  is  intended  for  storage  for  a  short  time  only,  and  it  is 
desired  to  have  it  ripen  before  removing  it  from  the  storage  house, 
then  a  higher  temperature  may  be  desiral)le  to  hasten  the  maturity. 

The  influence  of  the  temperature  on  the  ripening  processcvs  appears 
to  depend  on  the  condition  of  the  fruit.  Baldwin,  Esopus  Spifzt'n- 
ft?//*^,  Roxbury,  eTonathan,  Lady  Sweet,  and  other  long- keeping  eastern- 
grown  varieties  have  been  held  in  prime  commercial  condition  through- 
out the  storage  season  in  a  temperature  of  35  F.  when  carefully 
picked  and  handled  and  stored  soon  after  picking;  but  when  the  fruit 
wa.s  carelesslv  handled  or  the  storatje  was  delaved  in  hot  weather,  then 
a  temperature  of  31^^^  to  32^  F.  was  required  to  retard  the  ripening. 

It  might  be  safe  to  use  a  temperature  of  34  to  35'^^  F.  in  a  storage 
house  located  near  the  orchard,  in  which  the  fruit  mav  be  stored  innne- 
diately  after  harvesting,  but  for  general  commercial  apple  handling, 
a  temperature  as  low  as  32-  F.  is  needed  to  overcome  the  abus(\s  that 
usually  arise  in  picking,  packing,  and  shipping. 

No  definite  investigjitions  have  ])ecn  made  })y  the  Department  of 
Agriculture  as  to  the  effect  of  temperatures  lower  than  31"^  F.  The 
exact  freezing  point  of  apples  has  not  been  determined,  but  it  is  below 
this  point.  It  may  possibly-vary  w^ith  the  composition  or  condition 
of  the  variety.  Under  the  most  favorable  conditions,  apples  are  some- 
times commercially  stored  at  30-  F.  without  injury,  but  31  '  F.  should 
1)8  considered  a  critical  temperature  below  which  it  is  unsafe  to  store 
this  fruit,  except  in  houses  that  are  properly  constructed  and  in  which 
the  temperature  is  maintained  uniform  in  all  parts  of  the  rooms. 

Apples  are  sometimes  frozen  in  the  storage  rooms  owing  to  a  con- 
siderable drop  in  the  tempei'ature  or  to  a  poor  distribution  of  the  cold 
air-  If  the  fruit  compartment  adjoins  a  freezer  room  and  the  insulation 
is  poor,  the  fruit  may  be  frozen  in  packages  piled  close  to  the  freezer 
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wall.  Apples  placed  near  the  refrigerating  pipes  or  near  the  cold-aJ] 
duet  where  it  enters  the  room  may  be  injured  by  freezing  if  the  plan! 
is  improperly  installed  or  managed;  or  if  the  piping  or  air  circulatioi 
is  faulty,  the  tempei^ature  at  the  bottom  may  be  lower  than  that  at  thi 
top  of  the  room. 

The  frosting  of  the  fruit  does  not  necessarily  injure  it.  When  thi 
apple  freezes,  the  water  in  the  cells  is  withdrawn  and  frozen  in  thi 
intercellular  spaces,  and  if  it  .thaws  slowly  and  the  freezing  ha.s  noi 
been  too  severe,  the  cells  may  regain  the  water  without  injury  anc 
resume  their  living  function.  If  the  thawing  is  rapid,  the  cells  mai 
not  reabsorb  the  water  with  sufficient  rapidity,  and  in  this  case  ii 
remains  in  the  intercellular  spaces  and  is  lost  by  evaporation.  Ii 
addition,  the  tissues  next  to  the  area  of  greatest  freezing  ma3'  bi 
forced  apart  by  the  f ornaation  of  ice  cr5^stals  in  the  intercellular  spaces 

If  the  freezing  is  so  severe  as  to  withdraw  too  much  of  the  eel 
water,  the  cells  may  not  be  able  to  absorb  it  and  will  be  killed  in  th< 
same  manner  as  if  dried  out  in  any  other  way.  Occasionally  tb< 
freezing  is  so  rapid  that  besides  the  withdrawal  of  water  the  cell  eon- 
tents  are  disorganized  or  possibly  frozen  outright;  at  any  rate,  th€ 
cell  may  be  directly  killed  by  a  sudden  change  of  temperature.  It 
is  probal)le  that  varieties  may  differ  as  to  the  degree  of  freezing  they 
will  stand  without  injury,  and  further,  that  the  same  sort  ma}'  vary 
in  this  respect  when  grown  under  different  conditions  or  subjected 
to  different  treatment. 

The  most  characteristic  results  of  injurious  freezing  are  a  translu- 
cent appearance  of  the  skin  of  the  fruit,  a  water-logged  and  springy 
or  spongy  condition  of  the  flesh,  a  forcing  apart  of  the  tissues,  and  a 
brownish  discoloration  of  the  flesh.  The  browning  may  result  from 
any  cause  which  results  in  the  death  of  the  cells  and  is  not  necessarily 
characteristic  of  freezing.  It  often  happens  that  the  skin  of  the  fruit 
retains  its  normal  brightness  after  the  interior  has  discolored. 

In  the  practical  handling  of  frozen  stock,  the  temperature  should  be 
raised  very  slowly  until  the  frost  is  withdrawn.  If  possible,  the  fruit 
should  not  be  moved  until  it  is  defrosted,  as  it  discolors  quickly  wher- 
ever a  slight  braise  occurs  or  even  where  the  skin  is  lightly  rubbed. 
With  these  precautions  observed  it  is  often  possible  to  defrost  stock 
that  is  quite  flrmly  frozen  without  apparent  injury  to  it. 

INFLUENCE   OF   A   FRUIT   WRAPPER. 

In  the  storage  investigations  under  discussion  a  comparison  has  been 
made  between  wrapped  and  unwrapped  stock  on  4he  keeping  quality 
of  the  fruit,  and  the  efficiency  of  different  kinds  of  paper  for  wrap- 
pers— tissue,  parchment,  waxed  or  paraffin,  and  unprinted  news — has 
been  tested.  A  box  of  unwrapped  fruit,  with  packages  of  fruit 
wrapped  with  the  kinds  of  paper  mentioned  in  order  above,  is  shown 
in  Plate  III,  fig.  1. 
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It  has  been  found  that  the  wrapper  may  influence  the  keeping 
)uality  in  several  different  way«.  It  extendn  the  life  of  the  fruit 
t)eyond  its  normal  period  by  retarding  the  ripening  procenses.  The 
influence  of  the  wrapper  in  this  regard  is  apparent  especially  at  the 
end  of  the  normal  storage  season  of  the  naked  fruit  when  the  flesh 
begins  to  grow  mealy  from  overripeness.  At  this  time  the  wrapped 
apples  may  be  firm  and  remain  in  prime  condition  for  several  weeks  or 
even  months.  The  wrapper  is  especially  useful  in  extending  the  sea- 
son of  early  winter  sorts,  or  in  making  the  long-keeping  varieties  avail- 
able for  use  over  a  still  longer  period  of  time. 

The  isvrapper  may  be  useful  in  preventing  the  transfer  of  rot  from 
one  apple  to  another.  If  the  fungus  is  capable  of  growing  in  the  stor- 
age temperature,  it  is  not  likely  that  the  wrapper  retards  its  growth, 
but  when  the  spores  develop  they  are  confined  within  the  wrapper  and 
their  dissemination  is  diflScult  or  impossible. 

The  importance  of  a  wrapper  in  protecting  the  fruit  from  decay  and 
in  extending  its  season  may  be  better  appreciated  by  reference  to  the 
following: 

Amount  of  decayed  fruit  April  .29  y  1908^  in  bunhel  packages. 


Variety. 


News  paper 
wrapped. 


'  ^  Per  cent. 

Baker 3. 7 

Dickenson 6.4 

Mcintosh 7.7 

Mclntofih      (second 
lot) '  19.7 


Un-  v«Hoiv  'Newspaper         Tn 


wrapped. 


Per  rent. 
27.2 
43.0 


Variety  ..^^:nn^m^t^:l  s.  II- 

■'•  wrapped,     wrapped. 


I 


PfT  rrnt.  Prr  rent. 

Northern  Spy 5. 6  52. 0 

Wagener 38. 0  |           63. 0 

15.0     .    Wealthy 42.0  60.0 

32.0 


The  wrapper  protects  the  apple  against  bruising  and  the  discolora- 
tion that  may  result  from  improper  packing  or  rough  handling;  it 
checks  transpiration,  and  by  the  preservation  of  the  attractive  appear- 
ance and  firmness  of  the  fi*uit  adds  to  its  commercial  value. 

No  important  difference  was  noticeable  in  the  eflSciency  of  the 
different  wrappers,  except  that  a  mold  developed  freeh^  on  the  parch- 
ment paper  in  a  temperature  of  36^  F.  This  mold  grew  onl}-  to  a 
slight  extent  in  32^  F. 

A  double  wrapper  is  more  eflScient  in  retarding  ripening  and  trans- 
piration than  a  single  wrapper.  A  good  combination  consists  in  a 
porous  news  paper  next  to  the  fruit,  with  an  impervious  wax  or  par- 
affin wrapper  on  the  outside.  The  wrappers  vary  in  cost  from  20 
cents  per  thousand  for  news  paper,  1)  x  12  inches,  to  70  cents  per 
thousand  for -the  better  grades  of  paraffin. 

INFLUENCE  OF  CULTURAL  CONDITIONS. 

Preliminarv  studies  have  been  made  on  the  influence  of  cultural  and 
other  conditions  surrounding  the  growing  fruit  on  its  storage  quality. 
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Considerable  data  along  thiw  line  will  be  brought  out  in  the  com- 
parison of  the  same  variety  grown  in  diflFerent  sections.  It  has  been 
observed  that  the  Tompkins  King,  Hubbardston,  and  Sutton  apples? 
from  rank-growing  young  trees  ripen  faster  than  smaller  fruit  from 
older  slower-growing  trees,  and  therefore  reach  the  end  of  their  life 
history  sooner.  From  older  trees  these  varieties  have  kept  well  till 
the  middle  of  April,  while  from  young  trees  the  commercial  storage 
limit  is  sometimes  three  months  shorter. 

It  has  been  noticed  that  Rhode  Island  Greening  apples  from  old 
trees  remain  hard  longer  than  the  same  variety  from  young  trees, 
but  the  greener  condition  of  the  fruit  from  the  older  trees  when 
picked  at  the  same  time  made  it  more  susceptible  to  scald.  Rhode 
Island  Greefiings  from  Mr.  Grant  G.  Hitchings,  South  Onondaga, 
N.  Y. ,  showed  50  per  cent  of  scald  from  young  trees  on  April  28,  1903, 
and  82  per  cent  in  smaller,  greener  fruit  from  older  trees. 

Rhode  Island  Oreening^  Mann,  and  Baldwin  apples  grown  on  sandy 
land  ripened  more  rapidly  than  similar  fruit  from  clay  land,  where  all 
of  the  other  conditions  of  growth  were  similar.  Plate  IV  shows  the 
average  condition  of  Baldwin  apples  on  April  28,  1903,  grow^n  on 
sandy  and  clay  soil  in  the  orchard  of  Mr.  W.  T.  Mann,  Barker, 
Niagara  County,  N.  Y.,  and  stored  in  a  temperature  of  32^  F.  The 
upper  apple  was  grown  on  cla}' ;  the  lower,  on  sandy  soil. 

The  subject  will  require  critical  study  over  a  period  of  years  before 
it  will  be  possible  to  fully  understand  the  influence  of  various  cultural, 
climatic,  and  other  conditions  of  growth  on  the  life  processes  in  the 
fruit. 

INFLUENCE  OF  THE  TYPE  OF  PACKAGE. 

The  principal  storage  packages  for  apples  are  barrels  of  about  3 
bushels  capacity  and*  ])Oxes  holding  40  to  50  pounds.  The  larger  the 
bulk  of  fruit  and  the  more  it  is  protected  from  the  air  the  longer  it 
retains  the  heat  after  entering  the  storage  room.  If  the  fruit  is  hot 
and  the- variety  a  quick-ripening  sort,  it  may  continue  to  ripen  con- 
siderably in  the  center  of  the  package  before  the  fruit  cools  in  that 
position.  The  long-keeping  varieties  that  are  harvested  and  shipped 
in  cooler  weather  arc  less  likely  to  show  the  effect  of  the  type  of  the 
package.  The  smaller  package  therefore  presents  distinct  advantages 
for  the  early,  quick-ripening  varieties.and  is  most  useful  in  the  hottest 
weather,  as  the  fruit  cools  down  quickly  throughout  the  package  and 
its  ripening  proceeds  uniformly. 

There  is  a  wide  difference  of  opinion  concerning  the  comparative 
value  of  ventilated  and  closed  packages  for  apple  storage.  The  chief 
advantage  of  the  ventilated  package  appears  to  lie  in  the  greater 
rapidity  with  which  its  contents  cool  off,  and  its  value  in  this  respect 
depends  on  tlie  amount  of  ventilation  in  the  package.     The  contents 
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of  an  ordinary  ventilated  apple  }>arrel  do  not  oool  much  more  quickly 
than  the  contents  of  a  closed  barrel,  and  the  value  of  the  ventilated 
barrel  for  the  purpose  for  which  it  is  designed  is  somewhat  doubtful. 

Apples  in  a  ventilated  package  are  likely  to  shrivel  if  the  fruit  is 
stored  for  any  length  of  time.  In  the  ordinary  ventilated  apple  barrel 
the  exposure  is  not  suflBcient  to  affect  the  fruit  to  any  extent,  but  in 
boxes  in  which  there  is  much  exposure  the  fruit  may  l)e  corky  or 
spong\^  in  texture  if  held  until  spring. 

The  size  of  the  package  may  have  an  important  influence  on  the 
length  of  the  storage  season.  Its  influence  in  this  respect  is  especially 
marked  when  the  fruit  begins  to  mellow  in  texture.  Barrel  stock  in 
this  condition  needs  to  be  sold  to  prevent  the  bruising  of  the  f  iniit  from 
its  own  weight,  but  apples  equally  ripe  may  be  carried  in  ])Oxes  safely 
sometimes  for  several  weeks  longer. 

THE  B£HAVIOB  OF  THE  FKTJIT  WHEN  REMOVED  FBOM  STOBAGE. 

There  is  a  general  impression  that  cold-storage  apples  deteriorate 
quickly  after  removal  from  the  warehouse.  This  opinion  is  founded 
on  the  experience  of  the  fruit  handler  and  the  consumer,  but  the 
impression  is  not  generally  applica})Ie  to  all  storage  apples.  In  fact, 
it  is  probable  that  storage  apples  do  not  deteriorate  more  (juickly  than 
other  apples  that  are  equallv  ripe  and  are  held  in  the  same  outside 
U^mperature.  If  the  fruit  is  overripe  when  taken  from  storage — and 
a  good  deal  of  stock  is  stored  until  it  reaches  this  condition — it  natu- 
rally breaks  down  quickly;  but  Arm  stock  may  ])e  held  for  weeks  and 
even  months  after  it  has  been  in  storage. 

The  rapidity  of  deterioration  depends  also  on  tlie  temperature  in 
which  the  fruit  is  removed.  The  follovvintj  table  shows  the  amount  of 
decay  in  Baldwin  apples  from  the  same  l)arrel  after  reuioval  and  sub- 
jection to  different  temperatures: 

Atfiount  of  decay  afU'r  removal  from  aforfu/r.  to  tfiffrnnt  tcmpenftunn. 


Variety 


.    lialdwin 


Ihitv  re- 
moved 

from 
stoniifo 

(1908). 


Jan.   20 


Date  in- 
si)e<'le(l. 


Jan. 

29 

0 

Feb. 

10 

0 

Feb. 

Ki ; 

0 

FfJ). 

If. 

0 

Feb. 

20 

0 

Mar. 

3 

.") 

Mar. 

5 

Mnr. 

21 

20 

Apr. 

() 

'M 
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Ijati*  ill  the  spring  the  fruit  is  far  advanced  in  its  life  and  the  weather 
is  becoming  warmer.  All  apples  similarly  ripe,  whether  in  cold  storage 
or  not,  break  down  more  quickly  at  this  time  than  in  the  winter. 

In  commercial  practice  the  dealer  often  holds  the  apples  for  a  rise 
in  price,  and  finally  removes  them  from  the  warehouse,  not  because 
the  market  has  improved,  but  for  the  reason  that  he  finds  that  a  longer 
storage  would  result  in  serious  deterioration  from  fruit  rots  and  over- 
ripeness.  When  a  considerable  amount  of  stock  is  decayed  on  removal 
from  the  warehouse  the  evidence  is  conclusive  that  the  apples  should 
have  been  sold  earlier  in  the  season.  In  the  purchase  of  cold-storage 
stock  tlie  consumer  wmU  have  little  cause  to  complain  of  the  rapid 
deterioration  of  the  fruit  if  he  exercises  good  judgment  in  the  selection 
of  apples  that  are  still  sound  and  firm. 

THE  IMPORTANCE  OF  GOOD  EKITIT. 

Apples  do  not  improve  in  gmde  in  cold  storage.  In  handling  a  crop 
too  much  care  can  not  be  given  to  grading  the  fruit  properly  before  it 
enters  the  storag<>  house.  Th'e  contents  of  many  packages  are  injured 
b}'  the  spread  of  disease  from  a  few  imperfect  apples.  Rots  enter  the 
fruit  most  easily  wherever  the  skin  is  bruised  or  broken,  and  in  the 
early  stages  of  the  rot  development  it  is  common  to  see  the  diseases 
manifesting  themselves  around  worm  holes  or  bruises  occasioned  by 
rough  handling,  from  nails  that  protrude  through  the  barrels,  or  from 
other  causes. 

When  the  crop  is  light  it  may  pay  to  store  apples  that  are  not  of  the 
first  grade,  but  such  fruit  should  be  rigidly  eliminated  from  the  be^t 
stock  and  stored  where  it  can  be  removed  earlier  in  the  season  than 
the  better  qualities. 

The  attractiveness  and  the  value  of  the  best  fruit  is  often  injured 
by  careless  handling.  A  bruised  spot  dies  and  discolors.  Finger 
marks  made  ])y  pickers,  graders,  and  packers,  and  injuries  from  the 
shifting  of  the  fruit  in  transit  or  from  rough  handling,  become  more 
apparent  as  the  season  advances.  In  fact,  all  of  the  investigations  of 
the  Department  of  Agriculture  emphasize  the  fundamental  importance 
of  well-grown,  carefully  handled  fruit  in  successful  storage  operations. 

Plate  III,  fig.  2,  shows  a  barrel  of  Northern  Spy  apples  poorly 
packed.  On  the  right  is  shown  a  barrel  of  Esopus  well  packed.  A 
great  deal  of  fruit  is  taken  from  storage  ^' slack,"  the  fruit  not  being 
firmlv  packed  in  the  barrels  in  the  orchard. 

APPI^   SCALD. 

When  some  varieties  of  apples  reach  a  certain  degree  of  ripeness 
the  part  of  the  fruit  grown  in  the  shade  often  turns  brown,  not  unlike 
the  color  of  a  baked  apple.     This  difhculty  does  not  extend  deep  into 
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the  flesh,  but  it  detracts  from  the  appearance  of  the  fruit  and  reduces 
its  commercial  value.  This  trouble  is  commonl}'  called  "'apple  scald."" 
It  may  appear  in  fruit  held  in  common  or  in  cold  storage. 

The  exact  nature  of  scald  is  not  well  understood,  though  apple  men 
have  many  theories  by  which  its  appearance  is  popularly  explained. 
The  most  common  theory  gives  rise  to  the  name  of  scald — that  is,  the 
brown,  cooked  appearance  is  thought  to  be  due  to  the  overheating  of 
the  fruit  when  it  is  stored,  or  to  a  temperature  too  low  for  the  variety, 
or  to  picking  the  fruit  when  too  ripe;  and  other  matters  relating  to  the 
growth  and  handling  of  the  fruit  are  thought  to  develop  it. 

As  the  scald  is  an  important  commercial  problem  it  has  been  con- 
sidered from  several  standpoints  in  the  fruit-storage  investigations  of 
the  Department.  The  nature  of  the  scald,  the  influence  of  the  degree 
of  maturit}^  of  the  fruit  when  picked,  of  commercial  methods  of  hand- 
ling, of  fruit  wrappers,  of  different  temperatures,  and  of  cultural 
conditions  on  its  development  are  among  the  problems  investigated. 

NATURE  OF  THE   SCALD. 

Apple  scald  is  not  a  contagious  disease.  According  to  Dr.  A.  F. 
Woods,  Pathologist  and  Physiologist  of  the  Department  of  Agricul- 
ture, it  is  a  physiological  disturbance  not  connected  in  any  waj'  with 
the  action  of  parasitic  or  saprophytic  organisms  such  as  molds  or  bac- 
teria. Briefly,  it  is  the  mixing  of  the  cell  contents  or  premature  death 
of  the  cells  and  their  browning  by  oxidation  through  the  influence  of 
the  normal  oxidizing  ferments  of  the  cell.  There  are  many  conditions 
which  influence  the  development  of  this  trouble.  It  appears  to  ])e 
closely  connected  with  the  changes  that  occur  in  ripening  after  the 
fruit  is  picked,  and  is  most  injurious  in  its  effects  as  the  fruit  approaches 
the  end  of  its  life.  Several  of  the  factors  that  influence  it  will  be  dis- 
cussed. Plate  V  shows  the  scald  on  a  Rhode  Island  Greening  apple. 
The  cross  section  shows  that  scald  does  not  extend  deep  into  the  flesh. 

INFLUENCE   OF   MATURITY   OF   THE  FRUIT   ON   SCALD. 

The  scald  alwa^'^s  appears  first  on  the  green  or  less  mature  side  of  an 
apple,  and  if  the  fruit  is  only  partly  ripe  it  may  spread  entirely  over 
it;  but  the  portions  grown  in  the  shade  and  undercolored  are  first  and 
most  seriously  affected.  The  upper  figure  in  Plate  I  (frontispiece) 
>how8  the  distribution  of  scald  on  an  immature  York  Imperial  apple, 
rbe  apples  that  are  more  mature  and  more  highly  colored  when  picked 
ure  less  susceptible  to  injury,  and  the  side  grown  in  the  sunlight 
may  remain  entirely  free  from  it.  The  lower  figure  in  Plate  I  shows 
a  well-colored  York  Imperial  apple  and  its  freedom  from  the  scald  is 
noticeable. 

When  the  apple  crop  is  picked  before  it  is  mature  the  fruit  is  more 
susceptible  to  scald  than  it  would  have  been  later  in  the  season.     The 
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relative  susceptibility  of  innnature  and  more  mature  apples  is  brought 
out  in  the  tHble  following.  The  fruit  was  picked  two  weeks  apart. 
At  the  tirst  picking  the  apples  were  partly  colored,  or  in  the  conditioo 
in  which  a  large  proportion  of  the  commercial  apple  crop  is  har\"ested. 
At  the  second  picking  the  fruit  was  more  mature,  with  better  color, 
but  still  hard.  The  differences  in.  ripeness  are  fairly  represented  in 
the  fruit  on  Plates  I  and  II.  The  percentages  do  not  represent  the 
relative  susceptibility  of  the  different  varieties  to  scald,  as  the  fruit 
was  grown  in  different  States  and  the  observations  were  made  at  dif- 
ferent times.  The  percentages  show  the  avei*age  amounts  of  scald  in 
fruit  stored  at  temperatures  of  31^  to  82^  F.  and  S-L    to  36^  F. 

Scald  <m  mature  and  immature  apples. 


Variety 


l^M'iilily  grown. 


Baldwin 

Ben  Davis 

Do 

Rliode  Island  Great  hu/. 

WInesap 

Yollow  Nowtown 

York  Imperial 

Average 


New  York 
Illinois  ... 
Virginia . . 
New  York 
Illinois... 
Virginia.. 
do.... 


Mature. 

well 
colonni. 


Per  cait. 
3.1 
'2.t) 
13.1 
25. 4 
0.2 
2.3 
2.0 


Immaturt'. 

parti  y 

eol<»red. 


Per 


cent. 
29.2 
15.8 
41.6 
43.4 
31.8 
9.4 
18.2 


G.9 


27.0 


In  the  practic^il  handling  of  orchards  the  fundamental  corrective  of 
scald  lies  in  practicing  those  cultural  and  harvesting  methods  that 
develop  maturity  and  a  highly  colored  fruit.  These  methods  have 
alrcMidy  been  briefly  discussed.  The  picking  of  the  fruit  w^hen  too 
green,  dense-headed  trees  that  shut  out  the  sunlight,  heavy  soil,  a 
location  or  season  that  causes  the  fruit  to  mature  later  than  usual  and 
makes  it  still  green  at  picking  time — these  are  among  the  conditions 
that  make  it  particularlv  susceptible  to  the  development  of  the  scald. 

After  the  fruit  is  harvested  its  susceptibility  increases  as  its  ripen- 
ing progresses.  Early  in  the  storage  season  the  scald  may  not  appear, 
but  later  the  same  variety  may  have  developed  enough  to  injure  its 
commercial  value.  The  amount  of  scald  at  different  periods  of  the 
season  on  the  same  lot  of  Baldwin  apples  stored  at  32  F.  is  brought 
out  in  the  following  statement: 


Amount  of  scald  at  different  jteriodj^  of  utoraije  season, 

I'er  cent. 

January  29,  U)()3 0 

February  21,  1903 0 

Marcli20,  1903 20 

April  21,  1903 23 
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It  should  be  the  aim  of  the  apple  storer  to  remove  the  fruit  from 
storage  before  a  variety  normally  begins  to  scald  and  to  hold  until 
late  in  the  season  onlv  those  sorts  that  do  not  scald. 

INFLUENCE  OF  TEMPERATURE  ON  SCALD. 

The  temperature  that  checks  the  ripening  to  the  greatest  degree 
also  retards  the  appearance  of  the  scald.  In  some  of  the  apple-grow- 
ing sections  it  is  quite  generally  believed  that  bad  scalding  varieties 
should  be  stored  in  a  temperature  of  30^  to  38^^  F.,  and  that  a  temper- 
ature as  low  as  32"  F.  hastens  its  development.  The  investigations  of 
the  Dei>artment  have  shown  that  this  impression  is  not  well  founded, 
but  on  the  contrary  they  indicate  that  the  scald  develops  more  freely 
in  the  higher  temperature.  To  illustrate,  one  lot  of  York  Imperial 
apples,  a  variet}-  which  is  greatly  affected  by  scald,  had  d(»veloped 
16.9  per  cent  of  this  trouble  by  January  22, 11R)2,  in  a  tempeniture  of 
36-  F.,  while  a  similar  lot  stored  in  a  temperature  of  32  F.  developed 
only  3.4  per  cent.  One  lot  of  Rhode  Island  Green'nHj  apples  b}-  Feb- 
ruary 3,  1903,  had  developed  21  per  cent  in  32  F.,  while  a  similar  Jot, 
in  36"^  F.,  showed  55  per  cent.  In  the  aise  of  the  Sutton  apple,  inves- 
tigation showed  25  per  cent  of  scald  in  apples  stored  at  32-,  and  42 
per  cent  where  the  temperature  was  kept  at  36  . 

If  the  fruit  is  stored  as  soon  as  it  is  picked^  or  is  shipped  in  refrig- 
erator cars  or  in  cool  weather,  and  if  it  has  been  handled  in  the  most 
careful  manner,  the  ripening  ma}^  not  proceed  nmch  more  rapidly  and 
the  scald  may  not  develop  more  freely  in  the  higher  than  in  the  low'er 
storage  temperature. 

THE    TEMPERATURE     IN    W^HK^U     THE     FRUIT     IS     REMOVED    FROM    THE 

STORAGE-HOUSE. 

When  the  fruit  is  removed  from  the  stoiMige -house  the  scald  some- 
times develops  nipidly.  Its  appearance  at  this  time  seems  to  depend 
on  at  least  two  important  conditions — the  ripcmess  of  the  fruit  and  the 
tempei*ature  into  which  it  is  taken.  Late  in  the  storage  season  the 
scald  is  most  severe;  first,  because  the  fruit  is  more  mature,  and,  sec- 
ond, for  the  reason  that  the  warm  weather  prevailing  at  that  season 
develops  it  quickly. 

The  development  of  the  scald  also  seems  to  be  influenced  ])y  the 
amount  of  humidit}^  in  the  air.  So  long  as  the  fruit  remains  cold  and 
condenses  the  moisture  of  the  atmosphere  upon  it  the  scald  is  retarded 
more  than  in  a  dry  air  of  the  same  temperature. 

The  accompanying  table  shows  the  rapidity  with  which  the  scald 
niay  develop  on  Baldwin  apples  when  portions  of  the  same  V)arrel  are 
removed  to  different  lempenitur(\s.  There  was  no  bicreasc  in  the 
amount  of  scald  in  any  of  \\w  lots  after  nine  days. 
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tS^'n/d  (lerehped  in  different  temperatures  when  apples  were  remolded  from  stora^ 


Variety. 


Date  re- 
moved 
from 
Rtoragc. 


Baldwin. 
Do... 
Do... 
Do... 
Do... 


1903. 
Jan.  29 
...do... 

do ... 

do  . . . 

— do ... 


Date  in- 
spected. 


1903. 
Jan.  29 
Feb.  3 
Feb.  4 
Feb.  6 
Feb.     7 


Per  cent  of  scald. 


44°  F. 

48°  F. 

61°  F. 

67°  F. 

0 

0 

0 

1 

0 

6 

21 

22     ! 

4 

11 

21 

37     j 

4 

26 

40 

63 

4 

25 

41 

63     I 

The  upper  figure  in  Plate  VI  shows  the  average  condition  of  a  lot 
of  Wagener  apples  in  March,  1903,  when  removed  from  storag-e:  the 
lower  figure,  the  average  condition  of  the  same  fruit  forty-eight  hours 
later  in  a  temperature  of  70°  F. 

It  should  be  the  aim  of  the  fruit  storer  not  only  to  remove  the  fruit 
before  the  scald  normally  appears,  but  to  hold  the  apples  after  removal 
in  the  lowest  possible  temperature  to  prevent  its  rapid  development. 

INFLUENCE  ON  SCALD  OF  DELATING  THE  STORAGE  OP  THE  FRUIT  AFTER 

IT  IS  PICKED. 

The  ripening  of  the  fruit  between  the  time  of  picking  and  its  storage 
increases  its  susceptibility  to  scald. 

When  the  picking  and  shipping  seasons  are  cool  and  diy  it  ma\'  be 
possible  to  delay  the  storage  of  the  fruit  for  some  time  without  injur}' 
so  far  as  the  predisposition  to  scald  is  concerned.  In  the  investigations 
of  1901-2  in  western  New  York  there  was  no  apparent  injury  from 
delaying  the  storage,  but  the  weather  (conditions  at  this  period  were 
ideal  for  apple  handling. 

The  scald  develops  seriously  when  the  storage  of  the  fruit  is  delayed 
in  hot  weather.  Detentions  in  the  orchard,  in  transit  in  closed  cars, 
in  unloading  at  the  terminal,  or  in  the  warehouse  cause  the  fruit  to 
ripen  quickly  and  favor  the  rapid  growth  of  the  fruit  rot«,  as  they 
bring  the  fruit  much  nearer  the  end  of  its  life  before  it  enters  the 
storage  room.  Under  these  circumstances  the  fruit  may  scald  badly, 
mellow  early  in  the  season,  and  rot,  and  no  storage  treatment  can  cor- 
rect the  abuses  to  which  it  has  been  subjected. 

The  following  table  ))rings  out  the  injury  that  may  be  caused  by 
delaying  the  storage  of  the  fruit  in  hot  weather.  The  mean  average 
temperature  between  September  15  and  30,  1902,  was  about  62^  F. 
and  the  mean  average  humidity  about  84^.  Fruit  picked  from  the 
same  trees  on  0(rtober  dt,  1902,  and  stored  two  weeks  later,  when  the 
temperatun*  was  about  .53-  F.  and  the  humidity  about  80 \  was  not 
injured  by  the  delay.  The  apples  referred  to  were  grown  in  eastern 
New  York  and  stored  in  Boston,  and  these  recoixis  were  taken  the 
following  February. 
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Sctild  on  immed'mte'  and  delnijed-HUtred  apphH  in  Vehrwinj,  Ituf.l. 

''^  w^*iw>'^''   PJ<*ke<l  Sept.    Pirkcfl  ()<t.     lM.k('.l  on. 
Variety.  ^t^r^l^onf        ^^'^  s^ore^l  \\  store.  1  5;  stored 


/Vr  rv7*f.  /Vt  cfiit,  I*'  r  r*  nt.  iv  r  r<  «^ 

Rhode  Island  rrrr«7it»4/                      0                     :W  (N<»  rci-onh  (NonM-onl) 

'     Sutton i                    0                      33  0  0 

Tompkins  Kin>f '                    0                     1.')  o  0 


INFI.UENCK   OF   A    FRUIT   WIUPPKR   ON    SCALD. 

The  influence  of  the  various  fruit  wrappers  mentioned  lias  }>een 
studied  in  connection  with  the  scald.  Sometimes  the  wmppers  retard 
it  to  a  slight  degree,  but  often  the  trouble  is  as  severe  or  more  s(m  ere 
in  the  wrapped  fruit.  Whenever  the  wrapper  has  been  effeetivi*  in 
i-etarding  the  scald  the  wax  or  paraffin  piper  was  most  useful. 

The  following  table  gives  a  comparison  between  wrapped  and 
unwrapped  fruit,  and  emphasizes  the  fact  that  for  eonunercial  pur- 
poses the  wrapper  should  not  be  looked  upon  as  an  effective  m(»ans  of 
preventing  the  trouble.  The  records  of  each  variety  are  based  on  8 
to  32  bushels  of  fruit,  one-half  of  which  was  wrapped. 

Sc(dd  on  vrapped  and  invcrapped  friiit. 


Variety 


Locality. 


Wrappcil.    riiwTiipiH'd. 


Baldwin New  York 

Ben  Davis Illinois  . . . 

Do VirKinia.. 

Hunt.<;man Illinois ... 

Minkler do 

Rhode  Island  Grerninij New  York 

Winesap Virfciniii . . 

Do Illinois  ... 

York  Imperial Virg-inin  . . 


Pf  r  n  nf. 

V2.  1 

.').« 

•J7.1 

•17.  s 

'22.  \^ 

:vj.  3 

30.  0 

17.9 

9.0 


I'f  r  nut. 
19.9 


•>.  7 


U).  3 
•Jt).  1 
'M.  ('. 
17.0 
10.2 
12.9 


VARIETIES   MOST   SITSCEITIRLE   TO   SCALD. 

All  varieties  are  not  equally  susceptible  to  scald,  and  th(*re  appears 
to  be  a  wide  difference  in  the  amount  developed  in  the  same  variety 
^rown  in  different  parts  of  the  country.  While  the  light-colored  p;)!-- 
don  of  an  apple  is  more  susceptible  than  the  more  highly-colored 
part,  it  does  not  follow  that  green  or  yellow  varii^ties  are  more  sus- 
ceptible than  red  ones.  Of  the  important  commercial  sorts  used  in 
the  investigations  of  the  Department  of  Agriculture,  the  varieties 
named  in  the  subjoined  list  have*  proved  most  susceptible.  The  season 
when  the  s(*.ald  is  most  likeh'  to  appear  is  given  with  each  kind,  though 
there  mav  be  a  wide  variation  from  vear  to  vear.     The  time  of  the 
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appearance  of  the  scald  is  influenced  to  an  important  degree  by  the 
method  of  handling  the  fruit  and  by  its  degree  of  ripeneijs.  A  larger 
number  of  varieties  showing  s<*ald  to  a  slight  extent  will  be  found 
mentioned  in  the  notes  in  the  variety  catalogue. 


Arctic,  serious,  midwinter. 
Arkaiipafs,  often  serious,  after  midwinter. 
Baldwin,  often  serious,  late  in  season. 
Ben  DavLs,  often  serious,  late  in  season, 
(lilpin,  oft-en  serious,  late  in  season, 
(ireen  Newtown,  slight,  late  in  season. 
Grimes,  serious,  early  winter. 
Huntsman,  serious,  midwinter. 
Lankford,  serious,  midwinter. 
Nero,  serious,  midwinter. 
Paragon,  sometimes  serious,  midwinter. 
Ralls,  sliglit,  midwinter. 
Rhode  Island    Greoihuj^   Si^rious,     mid- 
winter. 


Smith  Cider ^  serious,  early  winter. 
Stay  man   Winesap,   Bometimea    seriooa, 

midwinter. 
Wagener,  serious,  midw^inter. 
White  Doctor,  serious,  midwinter. 
White  Pippin,  slight,  late  in  season. 
Willow,  slight,  late  in  season. 
Winesap,  often  serious,  late  in  season. 
Yellow  Newtown,  slight,  late  in  season. 
York  Imi>erial,  serious,  midwinter. 
York  Stripe,  slight,  late  in  season. 


TREATMENT   TO   PREVENT   SCALD. 

Through  the  cooperation  of  the  Bureau  of  Chemistry  and  the  Office 
of  Vegetable,  Pathological,  and  Physiological  Investigations,  of  the 
Department  of  Agriculture,  preliminary  studies  have  been  undertaken 
to  determine  the  influence  of  various  gases  and  other  forms  of  treat- 
ment on  the  development  of  the  scald  on  Ben  Davis  apples  picked  in 
Illinois  in  August,  11)02.  The  fruit  was  kept  in  cold  storage  till  used 
in  the  experiments  in  11)03,  when  some  was  slightly  scalded.  Different 
lots  were  placed  under  the  following  conditions.  The  result  of  the 
treatment  on  the  scald  and  f  i-uit  is  briefly  stated  in  each  case. 

(1)  In  air  containing  formaldehyde  vapor.     No  effect. 

(2)  In  air  containing  a  large  amount  of  sulphur  dioxid.  Fruit 
injured. 

(3)  In  air  containing  one  one-hundredths  volume  sulphur  dioxid. 
No  effect  on  scald,  ])ut  fruit  injured  in  spots. 

(4)  In  air  containing  chlorin.  Fruit  injured  around  lenticels  and 
scald  not  prevented. 

(5)  In  air  contiiining  alcohol  vapor.  Fruit  uninjured;  scald  not 
prevented. 

(6)  In  air  containing  ether  vapor.  Fruit  uninjured;  scald  not 
prevented. 

(7)  In  air  containing  chloroform  vapor.     Fruit  killed. 

(8)  In  air  containing  tuq:)entiue  vapor.  Fruit  injured;  scald  not 
prevented. 

(D)  In  atmospliere  of  moist  oxygen.  Fruit  uninjured;  scald  devel- 
oped more  rapidly  tlian  in  pun*  air. 
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(10)  In  atmosphere  of  moist  nitrogen.     Scald  entirely  prevented, 
and  fruit  apparently  normal  at  end  of  nine  days. 

(11)  Fruit  placed  in  water.     Scald  retarded;  fruit  uninjured. 

(12)  Paraffin  over  fruit.     Scald  slightl}^  retarded;  fruit  uninjured. 

(13)  Vaseline  over  fruit.    Scald  somewhat  retarded;  fruit  uninjured. 

(14)  Olive  oil  over  fruit.    Scald  somewhat  retarded;  fruit  uninjured. 
It  will  be  seen  from  the  brief  outline  that  the  fruit  may  be  injured 

hy  some  of  the  gases  and  that  nitrogen  was  the  only  gas  that  pre- 
vented scald  without  injuring  the  fruit.  It  is  reasonable  to  assume 
that  a  continuation  of  the  fruit  in  nitrogen  gas  for  a  much  greater 
length  of  time  would  be  injurious,  as  oxygon  is  essential  to  the  vital 
processes.  It  will  be  noticed,  also,  that  oxygen  stimulated  the  develop- 
ment of  the  scald  probably  by  malving  the  conditions  favorable  for  the 
rapid  progress  of  the  scald-producing  f(^rmerit. 

COMPARISON  OF  VARIETIES  IN  COLD  STORAGE. 

A  large  number  of  varieties  of  api)les  grown  under  various  condi- 
tions have  been  under  olxservation  by  the  Department  of  Agriculture. 
It  has  been  the  purpose  of  the  investigation  to  determine  the  keeping 
quality  of  the  varieties  during  the  commercial  apple-storage  season, 
which  usually  terminates  Mav  1  or  shortlv  afterwards.  It  has  not 
bt^en  attempted  to  c^irr}-  the  varieties  loriger  than  the  apple-storage 
?«eason,  though  many  of  them  when  finally  taken  from  the  storage 
house  have  been  in  prime  condition  and  would  have  kept  well  for  a 
longer  period. 

There  is  a  wide  difference  in  the  keeping  quality  of  the  same  variety 
when  it  is  grown  in  different  parts  of  the  countr}'.  There  is  a  strik- 
ing variation  also  in  the  behavior  of  the  same  variety  when  it  is  grown 
in  the  same  localitv  under  different  cultural  conditions  and  in  different 
•seasons.  There  may  be  a  permanent  difference  in  the  keeping  quality 
of  the  apples  of  one  region  when  compared  with  those  of  another,  but 
it  is  not  safe  to  draw  general  conclusions  in  this  regard  until  the  vari- 
eties of  each  have  been  under  observation  during  several  seasons  and 
have  been  grown  under  different  cultural  conditions.  No  attempt  has 
been  made  in  these  investigations  to  draw  comparisons  between  the 
keeping  quality  of  the  same  sort  from  different  places.  The  behavior 
*^f  each  lot  is  given  in  commercial  terms  rather  than  in  detailed 
notes,  so  that  the  grower  or  apple  handler  may  know  something  of  the 
•storage  value  of  a  varietv  under  the  conditions  in  which  it  has  been 
observed  by  the  Department  of  Agriculture.  The  fruit  has  been 
stored  in  bushel  boxes  in  a  temperature  of  BO"^  to  32'^^  F. 

The  Department  had  the  cooperation  of  the  Kansas,  Maine,  New 
York  State,  and  Virginia  agri<'ultui*al  experiment  stations  in  1901 
and  of  the  Massachusetts  Agricultural  (/ollege  and  the  New  York 
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State  experiment  stations  in  1902  to  the  extent  of  receiving  gratuj 
touslv  fruit  of  the  varieties  credited  to  them  in  the  variety  cataloifiii 
It  had  the  cooperation  during  the  season  of  1901-2  of  the  experimen 
station  of  the  University  of  Illinois  in  inspecting  and  making  recoixl 
of  the  condition  of  the  fruit  stored  at  Champaign,  111.,  especially  aj{ 
times  when  it  could  not  be  conveniently  inspected  by  the  representa 
tives  of  the  Department. 

OUTIiINE  OF  CULTURAL  OONDITIONS. 

A  statement  follows,  summarizing  the  orchard  conditions  in  whicb 
the  fruit  used  in  the  experiments  of  the  Department  of  Agriculture 
was  grown.  In  the  variety  catalogue  each  sort  is  credited  to  the 
grower  from  whom  it  was  received: 

BoGGH,  A.  H.,  Waynesville,  Haywood  County,  N.  C,  1902: 

Clay  loam,  stony,  with  clay  subsoil;  altitude,  3,000  to  3,600  feet;  trees,  12  to  15 
years  old;  thoroughly  sprayed;  sod  culture. 
Bradley,  F.  L.,  Barker,  Niagara  County,  N.  Y.,  1902: 

Sandy  loam,  with  clay  subsoil;  altitude,  about  300  feet;  sprayed;  tillage;  on  Lake 
Ontario. 
Brown,  J.  E.,  Wilson,  Niagara  County,  N.  Y.,  1901: 

Sandy  loam,  -with  sandy  loam  subsoil;  altitude,  about  300  feet;  trees,  40  year* 
old;  sprayed;  tillage;  on  Lake  Ontario. 
Derby,  S.  H.,  Woodside,  Kent  County,  Del.,  1902: 

Sandy,  with  clay-loam  subsoil;  altitude,  about  60  feet;  trees,  10  to  25  years;  thor- 
ough spraying  and  tillage;  annual  use  of  clover  cover  crops;  trees  unusually 
vigorous. 
DoDD,  G.  J.,  Greenwood,  Jackson  County,  Mo.,  1902: 

Black  prairie  soil,  with  clay  subsoil;  altitude,  1,000  feet;  trees,  18  years  old,  except 
Ben  Davis,  11  years;  sprayed;  sod  culture  after  trees  were  7  years  old. 
DiTNLAP,  H.  M.,  Southern  Illinois,  1901: 

Fruit  from  orchards  in  southern  Illinois;  data  not  available. 
Flournoy,  W.  T.,  Marionville,  I>awrence  County,  Mo.,  1902: 

Heavy  clay,  with  rocky  limestone  clay  subsoil;  altitude,  about  1,250  feet;  age 
of  trees,  7  years;  spraying  and  tillage. 
Gilbert,  Z.  A.,  Farmington,  Franklin  County,  Me.,  1902: 

(Jranite  drift,  with  so-called  pin-gravel  subsoil;  altitude,  about  365  feet;  age  of 
trees,  20  years;  no  spraying  or  tillage;  land  top  dressed  with  wooii  ashes. 
Hrr<.'niN(iH,  Grant  G.,  South  Onondaga,  Onondaga  County,  N.  Y.,  1901  and  1902: 
Clay  loam,  stony,  with  heavy  red  clay  or  gravel-and-clay  subsoil;  altitude,  alwut 
1,200  feet;  age  of  trees,  4  to  100  years;  sprayed;  sod  culture,  with  grass  left  in 
orchard  for  mulch. 
HiTciiiNs,  Edward,  Fennville,  Allegan  County,  Mich.,  1902: 

Clay  loam;  altitude,  700  feet;  age  of  trees,  about  35  years;  sprayed;  tillage. 
Kansas  AoRicrLTrRAL  Experiment  Station,  Manhattan,  Riley  County,  Kans.,  1901: 
Clay  loam,  with  clay  subsoil;  altitude,  about  1,000  feet;  age  of  trees,  10  years; 

spraying  and  tillage. 
Orchards  near  the  experiment  station,  1901:  Soil  and  altitude  same  as  above;  no 
.spraying  or  tillage;  fruit  received  through  Kansas  Station. 
LrFn-oN,  S.  L.,  Winchester,  Fre<lerick  County,  Va.,  1901  and  1902: 

Clay  loam,  with  red  clay  subsoil;  altitude,  750  feet;  age  of  trees,  8  years;  sprayed; 
sod  culture,  grass  cropped. 
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MAfKS  Agricultural  Experimext  Station,  Orono,  IVnobwMit  County,  Me.,  11)01: 
Sandy  loam,  with  clay  Piibsoil ;  altitude,  about  150  feet;  a^re  of  treses,  10  to  12 
years;  sprayed;  clean  culture,  with  fall  cover  crop  of  rye. 
M\xx,  W.  T.,  Barker,  Niagara  County,  N.  Y.,  1902:    • 

Clay  loam,  with  clay  Bul)eoil,  and  sandy  loam  with  samly  nubsoil;  altitude,  al)out 
300  feet;  age  of  trees,  about  .'W)  years;   sprayed  thoroughly;  tillage;  clover 
cover  crops. 
Mashachusetts  Agricultural  ('olle<;k  Experiment  Station,  Amherst,  Hampshire 
County,  Mass.,  1902: 
Gravelly  soil,  with  clay  subsoil,  moist;  altitu<le,  250  feet;  age  of  trees,  30  years; 
sprayed;  tillage. 
Michigan    Ac^ricultural    CoLLECiE    Experiment   Substation,  South  Haven,  Van 
Buren  County,  Mich.,  1902: 
Rich,  sandy  loam,  with  (rlay  subsoil;  age  of  trees,  9  to  14  years;  altitude,  H25 
feet;  on  Lake  Michigan;  spraying  and  cultivation  thorough. 
Miller,  AV.  S.,  Gerrardstowu,  Berkeley  (V)unty,  W.  Va.,  1901: 

Soapstone,  derived  from  Romney  shale,  clay  sul>soil;  altitude,  700  feet:  age  of 
trees,  12  to  26  years;  sprayed  and  cultivated. 
New  York  State  Experiment  Station,  Geneva,  Ontario  (bounty,  N.  Y.,  1901  and 
1902: 
Rather  heavy  clay  loam,  w4th  heavy  clay  subsoil;  altitude,  about  600  feet;  age  of 
trees,  generally  from  15  to  25  years;  sprayed,  and  cultivated  with  cover  crops. 
Ozark  Orchard  Company,  Goodman,  McDonald  County,  Mo.,  1901  and  1902: 

Flinty  clay,  with  clay,  shale,  or  gravel  subsoil;  altitude,  1,250  feet;  age  of  trees, 
6  years;  sprayed  and  cultivated. 
Powell,  George  T.,  Ghent,  Columbia  C-ounty,  N.  Y.,  1902: 

(iravelly  loam,  with  clay -gravelly  subsoil;  altitude,  about  400  feet;  age  of  trees, 
3o  to  45  years,  except  Tompkins  King  and  I^ady  Sweet  11  ye^rs,  Sutton  8 
years,  Hubbardston  5  years;  spraying  and  cultivation  thorough,  with  clover 
cover  crops  annually. 
Keeks,  M.,  Douglas,  Allegan  County,  Mich.,  1902: 

Clay  loam,  with  clay  subsoil  several  feet  below  surface;  age  of  trees,  12  to  15 
years;  sprayed  and  cultivated;  altitu<le,  ()50  to  675  feet. 
Skouk,  (i.  E.,  Manhattan,  Riley  County,  Kans.,  1901: 

Sandy  loam,  with  sandy  subsoil;  altitude,  about  950  feet;  age  of  trees,  about  20 
years,  except  Jonathan  10  years;  no  tillage  or  spraying;  fruit  received  through 
Kansas  Experiment  Station. 
^PEAKMAN,  F.  II.,  Neosho,  Newton  County,  Mo.,  1901: 

Clay  loam,  gravelly  and  stony,  with  red  clay  sul)soil,  mixed  with  flint  stone; 
altitude,  1,100  feet;  age  of  trees,  12  years;  sprayed  and  cultivate<l. 
Taylor,  J.  P.,  Douglas,  Allegan  County,  Mich.,  1902: 

Sandy  loam,  with  clay  subsoil  15  feet  below  surface;  altitude,  (>50  to  675  feet; 
from  8-year  top  grafts  on  stocks  of  "Cannon  Redstreak,"  25  yeai-s  old;  8j)rayed 
and  cultivated. 
ViRtJixiA  Agricultural  Experiment   Station,   Blacksburg,   Montgomery  County, 
Va.,1901: 
Rather  heavy,  mostly  of  limestone  origin,  with  some  sand,  not  stiff,  subsoil  of 
same  nature  but  heavier;  altitude,  2,170  feet;  age  of  trees,  12  years;  sprayed 
but  not  cultivated  in  1901. 
^Vellrouse,  F.,  Tonganoxie,  Leavenworth  County,  Kans.,  1901: 

Rich  prairie  loam,  with  red  clay  subsoil,  with  some  sand;  altitude,  about  900 
feet;  age  of  tree*?,  7  years;  not  sprayed  but  cultivated. 
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VARIETY  CATALOGTJE. 

* 

[In  this  catalogue  tlio  IwidinK  names  of  the  varieties  used  in  the  eold  storage  investigations  of  the 
Department  of  Agriculture  are  printed  in  black  tAT>e,  with  their  leading  synonyms  in  italicsi.} 

.  1  ikm  Red.     ( See  Akin.) 

Akin.     Synonym:  Aiken  Bed. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Highly  coloreci.  No.  1; 
picked  October  12,  1901,  stored  OctolxT  IS;  sound  and  in  good  commercial  condi- 
tion until  March  11,  1902,  after  which  it  decayed. 

Albemarle.     (See  Yklu^w  Nkwtoavn.  ) 

Alexander. 

M.  Reeks,  Douglas*,  Allegan  County,  Mich.:  Large,  well  colored,  No.  1;  picked 
August  25,  1902,  stored  August  27;  at  commennal  limit  November  14,  1902. 

Amos.     Svnouvm:  Amos  Jarksoii. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  hard, 
and  green;  picked  September  19,  1902,  stored  Septeml)er  27;  May  1,  1903,  firm, 
no  scald  or  rot. 

A  ?»  OS  Jackii<m.     ( See  A  m  <  )s. ) 

Apple  of  Com  m  inrce.     ( See  B  e ACi  f . ) 

Arctic. 
Maine  Agricultural  Experiment  Station,  Orono,  Penol)scot  County,  Me.:   Well 
colored,  No.  1;  picked  October  7,  1902,  stored  October  24;  January  23,  1903,  in 
good  commercial  condition,  scald  b<*ginning  to  appear;  March  11,  softening,  color 
faded,  all  scalded. 

Arkansas.     Synonyms:  Blackiwigy  Mammoth  Blacktxvig. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Hard,  No.  1;  picke<l  Octo- 
ber 12,  1901,  stored  October  IS;  May  1,  1902,  bright,  firm,  and  sound,  no  rot  or 
scald. 

Ozark  Or -hard  Comj)any,  Croodman,  McDonald  County,  Mo.:  No.  2  stock;  badly 
affected  with  "flyspeck"  fungus;  picked  October  11,  1902,  stored  October  28; 
March  10,  1903,  shriveled,  considerable  rot,  no  scald. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va,: 
Small,  sound:  picke<l  September  26,  1901,  stored  October  6;  May  1,  1902,  firm, 
no  decay,  nearly  all  slightly  scalded  on  light  side. 

Arkansas  Beauty. 
W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  ^ledium  size,  dull  green- 
ish red;  picked  October  7,  1901,  stored  October  18;  January  23,  1902,  10  per  cent 
of  decay,  no  scald. 

Arkansas  Black. 
Near  Kansas  Experiment  Station,  Manhattan,  Riley  County,  Kans. :  Small,  very 

hard,  poorly  colored,  immature  stock;  picked  October  5,  1901,  stored  October  9: 

March  21,  1902,  very  liard,  with  no  deterioration;  would  probably  have  kept  weM 

through  storage  season. 
\V.  S.  Miller  Gerrardstown,  Berkeley  County,  W.  Va. ;  Dark  red,  very  fine,  larg' 

I)icked  November  5,  1901,  stored  November  12;  June  1,  1902,  in  prime  commer 

cial  condition,  hard,  no  scald  or  decay,  except  from  injury. 

Aucuba.     Synonym:  AxH'nha-Leavvd  Relncfte. 
New  York  State  Experiment   Station,  Geneva,  Ontario  Coimty,  N.  Y.:  Bright, 
well  colored.  No.  1;  picked  October  12,  1901,  store<l  October  21;  sound  and  in 
good  condition  until  February  1,  1902. 

Afintha-Leared  Reinette.     (Sec  Arci:iJA.) 


r- 
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Bailey  S'weet. 
G.  r.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Hrij;:ht,  Xo.  1 ;  pic^ked  OctolH^r  16, 
11K)2,  Btorefl  October  20;  in  prime  condition  until  Marcli  1,  1903,  when  the  fruit 
beg:an  to  mellow;  no  wald  or  decay.     Identity  uncertain. 


New  York  State  Experiment  Station,  (reneva,  C)ntario  County,  N.  Y'. :  Hard,  green- 
ish, No.  1;  picked  8ej)tem})er  22,  1902,  Htore<l  8ei)tember  29;  firm  and  nound 
until  March  14,  1903,  after  which  it  softened. 

Bald-wixi. 

F.  L.  Bradley,  Barker,  Niagara  County,  N.  Y. :  Mixed  grade,  dull,  Hcabby;  picke<l 
October  9,  1902,  atore<l  October  15;  ^lay  1,  1903,  firm,  no  Bcald  or  rot. 

J.  E.  Brown,  Wilson,  Niagara  County,  N.  Y'. :  No.  1,  fair  color;  picked  October  8, 
1901,  8tore<i  October  15;  May  1,  1902,  finn,  no  rot,  slight  scald. 
-  H.  M-  Dunlap,  Southern  Illinois:  Firm,  somewhat  wormy;  picked  October  8,  IWl, 
.stored  Octol>er  10;  March  18,  1902,  commencing  to  scald  and  deciiy. 
Z.  A.  Gilbert,  Farmington,  Franklin  County,  Me.:  Medium  sized,  <lull  colored; 
date  of  picking  undetermined,  stored  Noveml)er  IT),  1902;  May  1,  1903,  firm,  no 
decay  or  scald. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Large,  dark  re<l, 
No.  1;  trees  12  years  old;  picjked  October  1,  1902,  .«tored  October  4;  May  1,  1903, 
firm,  no  scald  or  rot. 

W.  T.  Mann,  Barker,  Niagara  County,  N.  Y.:  Hard,  finely  colored,  No.  1;  ])icked 
October  16,  1902,  Btore<l  October  18;  May  1,  1903,  hard,  no  .*»cald  or  rot. 

Massachusetts  Agricultural  College  Experiment  Staticm,  Amherst,  Hampshire 
County,  Mas?.:  Dull  greenish  red,  No.  1;  picked  October  11,  1902,  stored  Octo- 
ber 15;  May  1,  1903,  no  scald  or  rot,  hard. 

New  York  State  Exj>eriment  Station,  (leneva,  OntariQ  County,  N.  Y''.:  Hard,  light 
colored,  small;  picked  October  12,  1902,  stored  October  15;  May  1,  1903,  hard 
and  sound;  similar  in  1901. 

G.  T-  Powell,  Ghent,  Columbia  Countv,  N.  Y. :  Bright,  well  colored,  No.  1;  picked 
October  10, 1902,  stored  October  19;  May  1 ,  1903,  firm  condition,  no  scald  or  decay. 

Virginia  Exj)eriment  Station,  Blacksburg,  Montgomery  County,  Va. :  Firm,  light 
colored.  No.  1;  picked  Sei)tember  26,  1901,  store<l  October  6;  May  1,  1902,  semi- 
firm,  no  scald  or  decay;  kept  unusually  well  for  a  northern  variety  and  was  of 
much  better  grade  and  color  than  most  of  the  other  sorts  from  same  source. 

Beadi.     Synonyms:  Apple  of  Commerce,  Rif^hai'dmn' a  lied. 
W.   S.   Miller,  Gerrardstown,  Berkeley  County,  AV.  Va. :  Bright,  sound,  No.  1; 
picked  November  5,  1902,  stored  November  12;  May  1,  1903,  sound  and  in  prime 
commercial  condition. 

Benuiy  of  Kent.     (See  Kent  Beauty.) 

BeUflcnrer,     (See  Ye:llow  Bellflower.  ) 

Ben  Davis. 

G.  J.  Dodd,  Greenwood,  Jackson  County,  Mo.:  Hard,  well  colored,  No.  1;  jncked 
October  1,  1902,  stored  October  4;  March  10,  1903,  in  good  market  condition: 
scald  and  rot  slight. 

H.  M.  Dunlap,  Southern  Illinois:  No.  1  stock;  picked  October  8,  1901,  store<l  Octo- 
ber 10;  March  18, 1902,  in  fair  market  condition;  somewhat  injured  by  scald  and 
decay. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Hard,  medium  sized, 
highly  colored;  trees  12  years  old;  picked  C)ctober  22,  1901,  stored  Octol)er  26; 
May  1,  1902,  firm  anrl  sound,  no  scaM. 

S.  L.  Luptcm,  Winchester,  Frederick  County,  Va. :  Firm,  light  colored,  wonny; 
picked  Octol>er  4,  1901,  stored  October  12;  March  27,  1902,  considerable  scald, 
decay  slight. 
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Ben  Davis — Continued. 

Massachusetts  Agricultural  College  Experiment  Station,    Amherst,   Hampshire 

County,  Mass.:  Small  and  hard;  picked  October  13,  1902,  stored  October  15: 

May  1,  1903,  firm  and  sound. 
W.  S.  Miller,  Gerranlstown,  Berkeley  County,  W.  Va.:  Firm,  well  colored,  No.  1; 

I)icked  October  2,  1901,  stored  October  18;  May  1,  1902,  firm,  no  rot  or  scald. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Small,  hanl, 

light  colored;  date  of  picking  undetermined,  stored  November  12,  1902;  May  1, 

1903,  semifirm,  no  scald  or  decay;  similar  in  1902. 
Ozark  Orchard  Company,  Goodman,  McDonald  County,  Mo.:  Medium  to  very 

large,  well  colore<l;  picked  October  10,  1902,  stored  October  28;  March  10,  1903, 

overripe,  slightly  wilted,  considerable  decay. 

F.  11.  Speakman,  Neosho,  Newton  County,  Mo.:  Sound,  well  colored.  No.  1; 
picked  October  24,  1901,  stored  October  28;  March  20,  1902,  in  good  market 
condition,  slight  rot  and  scald. 

G.  E.  Spohr,  Manhattan,  Riley  County,  Kans. :  Small,  poorly  colored;  picked 
October  11,  1901,  stored  October  18;  March  20,  1902,  badly  shriveled,  no  decay 
or  scald;  received  through  Kansas  Experiment  Station. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va.: 
Small,  well  colored,  somewhat  wormy;  picked  September  26,  1901,  stored  Octo- 
ber 8;  May  1,  1902,  semifirm,  no  scjild,  decay  slight. 

Black  Gilliflower.     Synonym:  GiUiflower. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Light  colored.  No.  1; 
trees  about  100  years  old;  picked  October  1, 1902,  stored  Octol^er  4;  May  1, 1901^, 
in  prime  commercial  condition;  similar  for  fruit  picked  in  1901. 

Massachusetts  Agricultural  College  Experiment  Station,  Amherst,  Hampshire 
County,  Mass.:  Dull  colored,  No.  2;  picked  October  10, 1902,  stored  October  lo: 
firm  until  January  1, 1903;  decayed  badly  after  February  1. 

G.  T.  Powell,  (Thent,  Columbia  County,  N.  Y.:  Well  colored,  No.  1;  picked 
October  16,  1902,  stored  Octol^r  19;  February  1,  1903,  badly  injured  by  rot. 

Blcu;k  Oxford. 
Z.  A.  Gilbert,  Farmington,  Franklin  County,  Me.:    Hard,  dull  colored.  No.  1: 
date  of  i)icking  undetermined,  stored  November  10,  1902;  May  1,  1903,  firm,  no 
scald  or  rot. 

Blacklivig.     (See  Arkansas  and  Paragon.) 

Bonum. 
A.  A.  Boggs,  AVaynesville,  Hay  wood  County,  N.  C:  Bright,  dark  red.  No.  1;  picked 
September  15,  1902,  stored  September  26;  May  1,  1903,  firm,  no  rot  or  scald. 

Borsdorf. 

New  York  State  Exixjriment  Station,  Geneva,  Ontario  County,  N.  Y.:  Small, 
light  colored;  picked  September  19,  1902,  stored  September  27;  March  14,  1903, 
soft,  badlv  decaved. 

Buckingham. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  hanl, 
and  immature;  picked  September  25,  1902,  stored  September  27;   May  1,  1903. 
•  firm,  no  decay,  scalds  slight;  commercial  limit  April  1. 

Buler.     Svnonvm:  Jonathan  of  Buler. 
New  York  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Light  red,  No.  1; 
picked  Se|)tember  20,  1902,  stored  Septeml)er  27;  commercial  limit  Febniarj*  1, 
1903,  after  which  fruit  scalded  badly,  but  i-emained  finn  till  April  1. 

Canada  Ilfd.     (See  Red  Canada.) 
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lanada  Beinette.  ^ 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hani,  (lull 

wlored;  picked  October  12,  1901,  stored  October  19;   May  1,  1902,  mellow,  no 

decay,  scald  slight;  best  commercial  limit  April  1. 

annon  Pearmain. 
W.  S.  Miller,   Gerrardstown,  Berkeley  County,  W.  Va.:   Well  colore<l,   No.   1; 

picked  October  12,  1901,  stored  October  18;  May  1,  1902,  in  j)rime  commercial 

condition,  no  scald  or  decay;  a  long  keeper. 
Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 

Hard,  cloudy,  somewhat  wormy;  picked  October  3, 1901,HtortHl  Octolx^r  5;  May 

1,  1902,  firm,  decay  slight,  no  scald;  commercial  limit  April  1. 

Carlough. 

f  W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Hard,  Hound,  No.  1; 
picked  October  12,  1901,  stored  October  18;  May  1,  1902,  firm,  no  rotor  wald;  a 
long  keeper. 

Otrthottse.     ( See  G ilpin.  ) 

Cayuga  Rtdstreak.     (See  Twenty  Ounce.  ) 

Clarke. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:   No.  1; 
picked  October  12,  1901,  stored  October  21;  February  1,  1902,  mellow,  no  Hiald, 
decay  slight;  commercial  limit  December  1 ;  flenh  grows  Hoft  and  mealy  and 
discolors  at  end  of  commercial  life. 

Coifelt.     Synonym:  Coffelt  BeaxUy. 
W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Hard,  well  colored,  No. 
1;  picked  October  1*1,  1901,  stored  October  18;  May  1,  1902,   firm,  no  wald  or 
decay;  a  long  keeper. 

Coffelt  Beauty.     (See  Coffelt.  ) 

Cogswell. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  hard, 
and  immature;  picketl  October  3,  1902,  stored  ()ctol)er  11;  May  1,  1903,  firm,  no 
scald  or  decay. 

Colvert. 
G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. ;  No.  1 ,  picke<l  October 
1,  1902,  stored  October  4;  firm  until  January  15,  1903. 

Coon  Bed. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Small  and 
immature;  picked  September  23,  1902,  stored  September  28;  May  1,  1903,  semi- 
firm,  no  decay,  scald  slight;  commercial  limit  March  15. 

Cooper  Market. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Light 
colored.  No.  1;  picked  October  12,  1901,  stored  October  21;  ^iay  1,  1902,  hard 
and  sound. 

Crawford.     Synonym:  Crawford  Pippin. 
W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Hard,  well  colored,  No.  1; 
picked  October  11, 1901,  stored  October  18;  March  11, 1902,  commencing  to  ncald; 
May  1,  1902,  firm,  no  decay,  nearly  all  light-cilored  8i>ecimenH  scalded. 

Orawford  IHjrpin,     (See  Ckawford.) 

Crotts. 
New  York  State  Experiment  Station,  Geneva,  Ontario  C'ouuty,  N.  Y. :  Hard  and 
green;  picke<l  October  12,  1901,  store<l  Octol)er  21;  March  14,  1902,  firm,  no 
decay,  badly  scalded.    ' 
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Cullen.     Synonym:  CuUen^8  Keeper. 
Kansas  Agricultural  Exj)eriinent  Station,  Manhattan,  Riley  County,  Kans:. :  Hard 
and  green;  picked  October  7, 1901,  stored  October  10;  May  1, 1902,  firm,  no  scald 
or  rot. 

OuUeri'  8  Keeper.     ( See  Cullen . ) 

Deacon  Jones. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Large,  han.i. 
bright,  No.  1;  picked  October  4,  1902,  stored  October  11;  May  1,  1903,  mellow, 
free  from  scald  and  rot;  commercial  limit  for  barrel  storage  about  March  1. 

Delaware  Red  Winter.     (SeeLAWVER. ) 

Dickenson. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Bright,  No. 
1;  picke<l  Sej)tember  19,  1902,  stored  September  27;  May  1,  1903;  overripe  and 
badly  decayed;  commercial  limit  February  1;  commercial  limit  in  1901-2, 
March  1. 

Disharoon. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Sound,  No. 
1;  picked  September  19,  1902,  stored  September  27;  April  1,  1903,  somid,  but 
commencing  to  turn  mellow,  no  scald  or  decay. 

Doctor.     Synonym:  Newly. 

Maine  Agricultural  Experiment  Station,  Orono,  Penobscot  County,  Me.:  Bright, 
clean.  No.  1;  picked  October  7,  1901,  stored  October  10;  May  1,  1902,  firm,  no 
scald,  decay  slight;  commercial  limit  April  1  to  15. 

Downing' 8  Winter  Maiden  Blush.     (See  Greenville.) 

Duchess.     (See  Oldenburg.) 

Duchess  of  Oldenburg.     (See  Oldenburg.  ) 

Edwards. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Hard,  green; 
picked  Octolwr  12,  1901,  stored  Octo})er  21;  May  1,  1902,  hard  and  green,  no 
scald  or  rot;  sound,  No.  1;  picked  September  20,  liK)2,  storeil  September  27; 
March  14,  1903,  quite  mellow,  no  Hcald  or  rot. 

Elgin  Pippin.     (See  Elcjix.  ) 

Esopus.     Synonyms:  Ei^ujwa  Spitzcnhnrg;  Spitzenbarg. 

F.  L.  Bradley,  Barker,  Niagjirii  County,  N.  Y. :  Scabby  and  poorly  colored;  picked 
8t»ptember  27,  1902,  .stored  October  3;  firm  until  March  1,  190.3,  when  the  fruit 
commenced  to  decay  around  scab  s|)ots. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  Dark  red,  No.  1;  trees 
about  100  years  old;  picked  October  1, 1902,  stored  October  4;  May  1, 1903,  finn, 
no  s(!ald  or  decay. 

New  York  State  Exj>eriment  Station,  (xeneva,  Ontario  County,  N.  Y.:   Xo.  1^ 

picked  October  21,  1902,  stored  October  27;  May  1,  1903,  semifirm,  no  decay  or 

scald;  in  barrels  should  be  sold  April  1. 
G.  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Well  colored.  No.  1;  pickeil  OctolHT 

16,  1902,  storcil  0('tol)er  19;  in  prime  commercial  condition  until  April  1,  1903, 

after  which  the  fruit  began  to  mellow;  no  rot. 
Tlie  flesh  of  this  variety  becomes  mealy  when  overripe. 

Esopus  Spitzctdmrg.     (See  Esoims.) 

Ewalt. 

New  York  State  Experiment  Station,  (ieneva,  Ontario  County,  N.Y.:  Well  colored, 
No.  1;  picked  October  6,  1902,  stored  OctoUT  11;  :\Iarch  14,  1903,  l)eginning  to 
mellow,  de<'ay  slight,  no  scald;  connnercial  limit  in  barrels  February  1. 
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Excelsior. 

Michigan  Agricultural  College  KxjH^riinent  Sul)stati()n,  South  Haven,  Van  Buren 
County,  Mich.:  Light  colored,  No.  1;  i)icke<l  Septem})erS,  1902,  stored  St'j)teinl)er 
10;  November  14,  1902,  overripe,  (luality  gone.  . 

Fallawater. 
0.(i,  Hitchingsi,  South  Onondaga,  Onondaga  County,  N.  Y.:  I^rge,  finely  col()re<l, 
No.  1;  trees  12  years  old;  picked  Octr>lH»r  1,  1901,  Htore<l  OcIoImt  12;  March  1, 
1902,  beginning  t(»  mellow;  May  1,  UM)2,  (juite  mellow  but  free  from  decay  and 
scald;  commercial  limit  February  1. 
New  York  State  Exi)eriment  Station,  Geneva,  Ontario  County,  N.  Y.:  No.  1,  but 
very  green;  picked  Octolwr  12,  1901,  stored  Octoln-r  21;  May  1,  ltK)2,  semitirm, 
no  decay  or  scald;  held  in  good  semifirm  condition  for  l)ox  ntorage  from  March  1 
to  May  1. 

Fall  Pippin. 

Massachusetts  Agricultural  College  Kxperiment  Station,  Amher^^t,  IIam})Hhire 
County,  MasH. :  Large,  bright,  No.  1;  picked  SeptemlHT  80,  HH)2,  stored  ()ctol)er 
3;  in  firm  condition  until  January  1,  1908,  wlien  tlie  fruit  began  to  mellow. 

New  York  State  Experiment  Staticm,  (ieneva,  Ontario  Comity,  N.  Y. :  Bright, 
No.  1;  picked  Septeml^er  24,  1902,  stored  Sei)tember  29;  January  27,  1908,  <'om- 
mencing  to  soft4?n.  Fruit  picked  in  1901  kept  in  good  condition  until  January  10, 
1902;  mav  l)e  held  in  boxes  till  Febniarv  1. 

Fall  C/ueen.     (See  Haas.) 

Fameuse.     Synonym:  Snow. 
0.  G.  Hitchings,  South  Onondaga,  Onomlaga  (Nmnty,  N.  Y.:  Well  (*()lored,  No.  1; 

trees  12  years  old;  picked  October  7,  1902,  stored  October  12;  in  good  commercial 

condition  until  March  15,  1908.     Fruit  i)icke<l  in  1901  kept  in  good  condition  until 

Febniarv  15,  1902. 
Maine  Agricultural  Experiment  Stiition,  Orouo,   IVnoliscot  County,  Me.:   Slight 

colored.  No.  1;  ri])e  and  .somewhat  bruise<l;  picked  ()ct«»l.i'r  7,  1902,  store<l  <)<'to- 

ber  24;  January  28,  1908,  in  good  condition  for  box  stora^'c,  no  scald  or  «lecay; 

March  11,  overrij)e  and  past  connnercial  coiHlliion. 
Massachusetts   Agricultund   College   Kx}>erirnent    Station,    Amherst,    Hariijfsbire 

County,  Miiss. :    Bright,  No.   1;   picked  Sei>teiul)er  :;o,   1902,  store<l  October  8; 

February  15,  firm,  no  scald  or  rot;  commercial  limit  about  March  1. 
New  York  State   Exj)eriment  Stati(»n,  (Jeneva,   Ontaiio  Cmiiity,    N.  Y.:   Hard, 

bright,  No.   1;  picked  Octo!)er  12,  1901,  st(*red  Octohcr  21;  .laniiary  81,  1002, 

mellow,  no  decay  or  scaM;  March  14,  very  rijK'  but  ^till  ^-onnd. 
<ieo.  T.  Powell,  Ghent,  Columbia  County,  N.  Y.:  liriirlit,  dark  retl,  No.  1;  picked 

OctoV^er  18,  liK)2,  stored  October  19;  February   1,   1908,  in   i)rime  commercial 

condition;  March  1,  mellow,  free  from  scal<l  and  decay. 
This  varietv  reachen  \U^  commercial  limit  usuallv  ])etween  January  1  and  March  1. 

Fanny. 

Michigan  Agricultural  College  Kxi)eriment  Sul)station,  South  Haven,  Van  liuren 
County,  Mich.:  No.  1,  highly  col()re<l:  j)icked  Sej>teniber  2,  1902,  storerl  Sej)- 
tember  3;  firm,  sound,  and  l)eautitully  colored  November  14.  1902;  would  pro))- 
ably  have  held  in  good  c(mdition  several  weeks  loni;(»r. 

Fishkill. 
^ew  York  State  Experiment  Station,  (ienevu,  Ontario  County,  N.  Y.:    Lar^re, 
«>und,  well  colored;  picked  October  4,  1901,  stored  October  11;  began  to  decay 
internally,  while  still  firm  outside,  after  Jamiary  1-15,  1902;  behavior  similar  in 
1902-3. 
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Gano. 
New  York  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Small,  hard,  haJf 

colored;  picked  Septemlx3r  27,  1902,  stored  October  1;  May  1,  1903,  semifinn, 

some  rot;  commercial  limit  April  1. 
Ozark  Orchard  Company,  (ioodman,  McDonald  County,  Mo.:  Very  large,  highly 

colored;  picked  October  6,  1902,  ntored  October  11;  March  11,  1903,  overrii)e,  18 

per  cent  decay;  behavior  similar  in  1901-2;  commercial  limit  February  1. 
G.  E.  Spohr,  Manluittan,  Riley  County,  Kans. :  Fruit  large,  well  colored,  firmer 

than  Ozark  On^hard  ntock;  picked  October  1,  1901,  stored  October  6;  March  20, 

1902,  firm,  no  decay  or  scald;  would  probably  have  kept  well  a  month  longer; 
received  through  Kansas  Experiment  Station. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va.: 
Well  colored,  firm,  medium  grade,  considerable  codling-moth  injury;  picked 
Septeml)er  26,  1901,  stored  Octol)er  16;  February  1,  1902,  firm,  with  no  decay 
or  scald,  after  which  the  decay  proceeded  quite  rapidly. 

(ieniton.     {See  R alum.) 

Gibb. 
W.  S.  Miller,   Gcrrardstown,   Berkeley  County,   W.   Va. :    Hard,  No.  1;   picked 
October  2,  1901,  fitore<l  October  18;  May  1, 1902,  in  prime  commercial  condition, 
no  scald  or  decay;  a  long  keeper. 

Gideon. 

Michigan  Agricultural  College  Experiment  Substation,  South  Haven,  Van  Buren 
County,  Midi.:  Hard,  light  colored,  rather  inunature;  picke<l  September  9, 1902, 
stored  September  10,  1902;  November  14,  1902,  firm,  sound;  commercial  limit 
probably  January  1. 

New  York  State  Exi)eriinent  Station,  (leneva,  Ontario  County,  N.  Y.:  Bright,  No. 
1;  picked  October  12,  1901,  stored  October  21,  1901;  commercial  limit  January  1, 
1W2;  after  that  the  flesli  began  to  discolor  at  the  core,  a  characteristic  of  this 
varietv  after  it  readies  niaturitv. 

GUUjloirer.      (See  Black  Giu.iflower.  ) 

Gilpin.  Synonym:  ('(iHhoim'. 
G.  (t.  liiti  Iiiiigs,  South  Onondaga,  Onondaga  County,  N.  Y.:  Medium  sized,  bright, 
half  colored,  very  hard;  trees  28  years  old;  picke<l  after  October  1,  1901;  stored 
October  12,  1901 ;  began  to  scald  Man^h  15,  1902,  and  scalded  badly,  but  remained 
hard  through  storage  season;  behavior  similar  in  1902-3,  except  scalding  began 
a  month  later. 

Gold  Medal.     Svnonym:  (iohfeii  Medal. 
New  York  State  Experiment  Station,  (leneva,  Ontario  County,  N.  Y.:  Hard,  green, 
good;  picked  October  3,  1901,  stored  October  11;  commercial  limit  February  1 
to  15,  1902,  alter  which  the  fruit  softeninl;  no  scald. 

Gokhn  Mt'dnl.     (Sec  <  Jold  Mkdal. ) 

Golden  Russet  (N.  Y.). 
Maine  Agricultural  PvX])eriment  Station,  Orono,  Penobscot  County,  Me.:  Bright, 
hani,  well  russcted,  No.  i;  ])icked  October  7,  1901,  stored  October 24, 1901;  com- 
mercial limit  ^lay  1,  1902,  when  stock  was  hard,  liut  mellowing  began  soon  after- 
New   York   State    Experiment  Station,  (Geneva,  Ontario  County,  N.   Y.:   Hard. 
greenish  russet,  No.  1;  picked  October  24,  1902,  stored  November  15;  May  li 

1903,  jirinie  commercial  condition,  no  decay;  similar  in  1901-2,  but  by  June  1 
the  fruit  was  mellow  and  decay  was  setting  in. 
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Gravenstein. 
Michigan  Agricultural  College  Ex{)eriineDt  Subetation,  South  Haven,  Van  Buren 
County,  Mich.:  No.  1,  quite  well  colored;  picked  September  9,  1902,  stored  Sep- 
tember 11;   November  14,  1902,  ripe,  but  still  firm,  (|uality  g(K)d;  should  l)e 
sold  bv  November  1. 

New  York  State  Experiment  Station,  Geneva,  Ontario  ('ounty,  N.  Y. :  No.  1,  highly 
colored;  picked  September  18,  stored  Septeml)er  27,  1902;  commercial  limit 
December  1,  1902,  after  which  it  softened;  no  scald. 

Green  Chriznean. 
New  Y'ork  State  Experiment  Station,  Geneva,  Ontario  County ,  N.  Y. :  Hard,  Hound; 
picked  October  4,  1902,  stored  October  11;  May  1, 1903,  firm,  in  good  conjmercial 
condition;  no  scald  or  decay. 

Oreen  Hewtown.     Synonym :  Netvtoum  Pippin. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.   Y.:   No.   1; 
picked  October  12,  1901,  stored  October  21;  in  March,  1902,  it  was  too  green  for 
use;  May  1  hard,  no  decay,  scald  slight. 

Green  Sweet. 
^V.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  No.  1;  picking  date  unde- 
termined; stored  October  18, 1901;  commercial  limit  March  1  to  15, 1902,  when  it 
began  to  mellow;  no  scald. 

Greening.     (See  Rhode  Island.) 

QTeenville.     Synonym:  Downing^ 8  Winter  Maiden  Blush. 
New  York  State  Ex|)eriment  Station,  Geneva,  Ontario  County,  N.  Y. :  Large,  finely 
colored.  No.  1;  picked  October  12,  1901,  stored  October  21,  1901;  in  excellent 
commercial  condition  till  February  1,  1902,  when  scald  began  to  develop;  one- 
thinl  scalded  March  14,  1902. 

Grimes.     Synonym:  Griines  Golden. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Bright,  No.  1 ;  picked  Sep- 
tember 20,  1901,  stored  October  10;  mellow  when  stored;  began  to  deteriorate 
from  decay  after  January  1,  1902. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  No.  1,  fair 
color;  picked  October  2,  1902,  stored  October  11;  in  good  condition  cominer- 
cially  till  February  1,  1903,  when  scald  began  to  develop;  May  1,  all  scalded, 
semifinn. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 
No.  2;  considerable  codling-moth  injury;  picked  September  26,  1901,  stored 
October  1^;  Umit  December  1,  1901,  after  which  the  fruit  rotted  badly;  scald 
l)^an  to  develop  in  March,  1902;  probably  injured  by  delay  in  storage. 

Ornnes  Golden.     (See  Grimes.) 

Haaa.     Svnonvm:  Fall  Queen. 
Maine  Agricultural  Experiment  Station,  Orono,  Penobscot  County,  Me.:   Well 

colored.  No.  1;  picked  September  16,  1901,  stored  October  24;  semifirm  when 

stored;  commercial  limit  December  1,  1901,  after  which  the  flesh  began  to  soften 

throughout. 
Massachusetts  Agricultural  College  Experiment  Station,   Amherst,    Hampshire 

Coimty,  Maa<<. :  Mixed  grade,  well  colored;  picked  September  3,   1902;  stored 

Octobers;  firm  till  December  1,  1902,  after  which  the  flesh  became  mealy;  no 

scald. 
New  York  State  Experiment  Station,  Geneva,  Ontario,  County,  N.  Y. :  Fair  col- 

oretl.  No.  1;  picked  Septeml)er  7,  1902,  stored  September  27;  after  December  1, 

1902,*  the  flesh  began  to  mellow,  grow  mealy,  and  decay. 
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Haskell. 
New  York  State  Experiment  Station,  (leneva,  f  )ntario  County,  N.  Y. :  No.  1;  picked 
October  1  to  12,  1901,  stored  October  21;  conimertnal  limit  January  15,  1902, 
after  which  the  fruit  l)egan  to  soften;  no  scald. 

IlaskeU  Sweet.     (See  Haskell.  ) 

Henniker.     Synonym:  Lady  Henniker. 

New  York  State  P^xperiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Well  col- 
ored, No.  1;  picked  September  9,  1902,  stored  September  27;  after  Decenil^er  1, 
1902,  the  flesh  began  to  mellow;  no  scald. 

HighfiU.     Synonym:  HyfiU. 

Ozark  Orchard  Company,  Goodman,  McDonald  County,  Mo. :  Large,  No.  1;  highly 
colored;  picked  October  20,  1902,  stored  October  28;  March  10,  1903,  semifirm, 
slightly  shriveled,  one-third  decaye<i;  no  scald;  commercial  limit  probably 
January  15. 

Holland.     Synonym:  HoUand  Pippin, 
G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  I^arge,  bright,  No.  1; 
picked  September  1,  1902,  stored  September  29;  after  December  1,  1902,  the 
flesh  began  to  soften;  no  scald. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Large,  well 
colored.  No.  1;  picked  October  12,  1901,  stored  October  21;  after  February  1 ,  1902, 
the  fruit  began  to  soften;  no  scald  till  long  after  its  commercial  season. 

Holland  Pippin,     (See  Holland.  ) 

Hubbardston.     Synonyms:  Hubbardston  Nonesuch^  yoneanch. 

Z.  A.  Gilbert,  Farmington,  Franklin  County,  Me.:  Medium  size,  well  coloml, 
mixed  grade;  picking  date  undetermined,  stored  November  10,  1902;  after 
December  1,  1902,  the  flesh  softene<l  throughout;  probably  ripe  when  stored. 

(t.  Ci.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  Large,  finely  coloretl, 
considerable  codling-moth  injury;  trees  six  years  old;  picked  October  5,  1902, 
stored  October  12;  i>rime  commercial  condition  till  February  1,  1903,  when  it 
began  to  shrivel;  April  1,  soft. 

Kansaj^  Agricultural  Kxj>eriment  Station,  Manhattan,  Riley  County,  Kans. :  Medium 
to  small,  pale  greenish  red;  picked  October  8,  1901,  stored  October  12;  no  sof- 
tening and  but  little  decay  till  April  1,  1902;  fruit  began  to  wilt  after  Februarj' 
1,  1902. 

Massachusetts  Agricultural  (College  Experiment  Station,  Amherst,  Hampshire 
County,  Mass. :  Medium  size,  rather  dull  color;  picked  September  30, 1902,  stored 
October  3;  good  conmiercial  condition  for  barrel  storage  till  January  15, 1901^; 
for  box  storage  till  Fe})ruary  15,  1903,  after  which  the  fruit  mellowed  and 
Ijecame  mealy. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Small, 
hard,  immature;  picked  October  4,  1902,  stored  October  11;  prime  condition 
May  1,  1903. 

(i.  T.  Powell,  Ghent,  Columbia  County,  N.Y.:  Very  large,  overgrown,  highly  col- 
ored; picked  October  4,  1902,  stored  October  9;  firm  till  December  1,  1902,  after 
which  the  flesh  grew  mealy;  January  15,  1903,  all  burst. 

The  flesh  of  this  variety  usually  becomes  mealy  when  it  passes  maturity 

JIu  hha  rdfilon  Xoiiesuch .     ( See  H  i: bb a rdstox.  ) 

Huntsman.     Svnonvm:  Huntsman  Favorite. 
(f.  J.  Dodd,  Greenwood,  Jackson  County,  Mo.:  Well-colored,  No.  1;  picked  Octo- 
ber 1,  1902,  stored  October  4;  March  10,  1903,  all  scalded  sUghtly,  but  very  firm; 
commercial  limit,  February  1,  1903. 
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Huntsman — ContiniK^ . 
H.  M.    l>unlap,  Southern  Illinois:  Well-colored,  No.  1;  picked  October  8,  1001, 
stored  October  10;  prime  commercial  condition  till  February  1,  1902,  after  which 
scald  appeared. 

\V.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Highly  colored,  No.  1; 
picket!  October  9,  1901,  stored  Octol^er  18;  in  prime  commercial  condition  June 
1,  1902,  hard,  bright  yellow;  no  scald  or  decay. 

Huutsmnn  Fnrorite,     (See  IItxtsman.) 

Hurlbut. 
Maine  Agricultural  Experiment  Station,  Orono,  Penobscot  County,  Me.:  Bright, 

well-colore<l,  No.  1;  picked  October  7,  1901,  stored  Octol)er24;  go(Ki  condition 

till  February  1,  1902,  when  scald  and  decay  Ixjgan  to  develop;  semifirm  when 

stored. 
Massachusetts   Agricultural  College  Experiment    Station,   Amherst,   Hampshire 

County,  Maj^s. :   Medium  sized,  fair  color;   picked  Septeml)er  20,  1902,  stored 

October  3,  1902;  firm  till  February  15,  1903;  no  scald  or  rot;  would  probably 

have  kept  well  a  month  longer  in  boxes. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hard,  not 

well  colored;  picke<l  September  12,  1902,  stored  September  27;  firm  till  April  1, 

1903,  after  which  the  flesh  softened. 

Uyfill,     (See  HiGHFiLL. ) 

Ingrain. 

W.  T.  Flournoy,  Marionville,  Lawrence  C^)unty,  Mo.:  Hard,  well-colored.  No.  1; 
picked  Octol)er  10, 1902,  storiMl  October  18;  March  10, 1903,  in  prime^i'ommercial 
condition,  firm,  free  from  scald  and  rot;  would  have  kept  a  numl)er  of  weeks 
longer. 

Ivanlioe. 

W.  S.  Miller,  (Jerrardstown,  Berkeley  County,  W.  Va. :  Well-colored,  No.  1;  picked 
Noveral)er  5,  1901,  stored  Noveml^er  12;  prime  commercial  ccmdition  till  June  1, 
1902,  when  wilting  began;  no  scald  or  rot. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 
Hard,  fair  grade,  considerable  "flyspeck"  fungus  and  codling-moth  injury;  picked 
September  30, 1901,  stored  October  16;  no  rot  or  sc^ald  throughout  storage  season, 
but  fruit  wilted  so  as  to  injure  its  commercial  value  after  February  1,  1902. 

Jacobs.     Synonym:  Jacohn  Swed. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Green,  No. 
1;  picked  September  9,  1901,  stored  September  27;  firm  till  March  1,  1902,  good 
condition  for  box  storage  till  April  1;  no  scald.  The  crop  of  1902  began  to  mel- 
low February  1,  but  it  held  in  gootl  condition  for  box  storage  till  April  1. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Large,  clear.  No.  1;  picked 
October  11,  1901,  stored  October  18;  in  prime  condition  till  April  1,  1902,  after 
which  the  fruit  s^jftened. 

Jacobs  Sweet.     ( See  J  acobs.  ) 

Jefferis. 
Michigan  Agricultural  College  Experiment  Substation,  South  Haven,  Van  Buren 
County,  Mich.:    Well-colored,  No.   1;  pickt^l  September  2,  1902;   stored  Sep- 
tembers; Noveml)er  14,  1902,  bright  in  appearance,  but  quality  poor;  commer- 
cial limit  probably  October  15. 

Mmon^ft  Five  Wmfer.     (See  York  Imperial.) 

Jonathan. 

Ct.  ,J,  Dodd,  Greenwood,  Jackson  County,  Mo.:  Large,  well  colored,  firm,  No.  1; 
pickwl  September  22,  1902,  stored  September  24;  commercial  limit  probably 
Februar>'  1,  1903;  March  11,  1903,  20  per  cent  decayed. 
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Jonathan — Continued . 

G.  Ct.  Hitching?,  South  Onondaga,  Onondaga  County,  N.  Y.:  Dark  red,  hright, 
No.  1;  trees  6  years  old;  picked  October  5,  1901,  stored  October  12;  in  prime 
condition  for  barrel  storage  till  April  1,  1902;  in  good  condition  for  box  storage 
till  June  1,  1902;  no  rot;  held  well  for  a  long  time  after  the  fruit  began  to  mellow. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Small, 
hard,  considerably  russeted;  picked  October  23,  1902,  stored  October  27;  May  1. 
1903,  hard,  no  rot,  in  prime  commercial  condition. 

G.  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Medium  sized,  highly  colored; 
picked  October  16, 1902,  stored  October  19;  in  prime  condition  for  barrel  storage 
till  March  1,  1903,  when  it  began  to  mellow;  good  condition  for  box  storage  till 
May  1;  no  rot  or  scald. 

F.  H.  Speakman,  Neosho,  Newton  County,  Mo.:  Large,  highly  colored.  No.  1; 
picked  September  25, 1901,  stored  October  16;  commercial  limit  about  February 
1, 1902;  when  inspected  March  20  the  fruit  was  mellow,  with  considerable  decay; 
probably  injured  by  delayed  storage. 

G.  E.  Spohr,  Manhattan,  Riley  Comity,  Kans. :  Well  colored,  No.  1;  picked  Octo- 
ber 1,  1901,  stored  October  12;  prime  till  February  1,  1902,  when  the  fruit  began 
to  mellow;  received  through  Kansas  Experiment  Station. 

Jonathan  of  Baler.     (See  Bulkr.  ) 

Jones  Seedling. 

W.  S.  Miller,    Gerrardstown,   Berkeley  County,  W.  Va.:  Clear  colored,  No.  1; 

picked  Novemlx?r  o,  1901,  stored  Novembc^r  12;  good  commercial  condition  till 

March  1,  1902,  when  scald  developed;  firm  throughout  storage  season. 
Kansas. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va.:  Highly  colored,  No.  1; 

picked   October  8,  1901,  stored   October  18;  in  prime  commercial  condition 

throughout  storage  season;  no  rot  or  sc^ald. 

Kansas  Keeper. 

New  York  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Very  hard,  imma- 
ture; picked  October  2,  1901,  stored  October  21;  hard,  with  no  scald  or  decay 
June  1,  1902. 
Kent  Beauty.     Synonym:  Beauty  of  Kent. 

Massachusetts*  Agricultural  College  Experiment   Station,    Amherst,   Hamp!?liire 
County,  Mass.:  Large,  well  colored,  No.  1;  picked  September  30,  1902,  stored 
October  31;  kept  well  till  January  1,  1903,  after  which  the  flesh  softened  and 
became  mealy;  no  sc^ld. 
King.     ( See  Tom  pk  i  ns  K  i n«  . ) 

Kirtland. 

New  Y'ork  State  Experiment  Station,  Geneva.  Ontario  County,  N.  Y.:  Dark  red. 
No.  1;  picked  October  12,  1901,  stored  October  21;  prime  commercial  condition 
throughout  the  storage  season;  no  scald  or  decay. 

Lady  Henniker.     (See  Hexniker.) 

Lady  Sweet. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Bright,  clear,  medium 
sized,  three-fourths  red,  No.  1;  picked  October  1,  1902,  stored  October  4;  May  I. 
1903,  prime  commercial  condition,  firm,  no  rot  or  scald. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Hard,  half- 
green,  immature;  picked  October  21,  1902,  stored  October  27;  hard  and  sound 
through  storage  season. 

G.  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Fancy  large,  bright  red,  from  young 
trees;  picked  Octol)er  16,  1902,  stored  October  19;  prime  con<lition  for  barrel 
storage  till  March  15,  1903,  when  fruit  began  to  mellow;  good  condition  for  box 
storage  till  ^lay  1;  no  scald  or  deca}-. 
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S.  H.  Derby,  Woodside,  Kent  County,  Del.:  Laiye,  well  colored  No.  1;  picked 
September  29, 1902,  stored  October  30;  >3egan  to  scald  January  15,  1903,  and  firm 
till  March  1. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va.:  Bright,  No.  1.  well  colored; 
picked  October  12, 1901,  stored  Octol)er  18;  began  scalding  January  15,  1902,  but 
remained  hanl,  with  no  decay,  till  June  1. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Medium 
sized,  very  hard,  half  colored;  picked  October  12,  1JH)1,  .store<l  Octoln^r  21;  Ix^gan 
scalding  in  January,  1902,  but  remained  hard  through  storage  season. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  M<mtir()niery  County,  Va. : 
Medium  grade,  considerable  injury  from  codling  moth  and  "flysj)cck"  fimgus; 
picked  September  26, 1901,  stored  October  IfJ;  began  8<'alding  April  1, 1902;  semi- 
firm  after  February  1,  1902. 

This  apple  is  usually  one  of  the  worst  scalding  varietie**  after  midwinter. 

Lansbergrer  Keinette. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Bright, 
No.  1;  picked  October  12, 1901,  stored  October  21;  commercial  limit  January  15, 
1902,  after  w^hich  the  flesh  mellowed;  no  scald. 

I^awver.     Synonym:  Delaivare  Bed  Winter. 

Near  Kansas  Agricultural  P^xperiment  Station,  Manhattan,  Riley  County,  Kans. : 
No.  1,  rather  dull  red;  pickeii  October  21,  1901,  .stored  ()ctol)er  18;  gotxl  com- 
mercial condition  March  20,  1902,  and  apparently  would  have  kept  well  tlirough- 
out  storage  season;  receive<l  through  Kansaj^  Kxperinient  Station. 

Massachusetts  Agricultural  College  Experiment  Station,  Amherst,  Hampshire 
County,  Mass.:  Small,  dull  red,  very  hard;  picked  Octoln^r  11,  1902,  stored 
October  15;  May  1,  1903,  hard,  no  scald  or  decay. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  I^rge,  bright,  dark  red; 
picked  October  11,  1901,  stored  October  16;  good  commercial  condition  till  March 
15,  1902,  when  some  of  the  apples  began  to  grow  mealy;  rij)ene(l  unevenly; 
fruit  overgrown. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 
Small,  No.  2;  considerably  injured  by  codling  moth;  picked  September  27,1901, 
stored  October  16;  May  1,  1902,  hani  and  hi  good  condition;  a  few  decayed  from 
bruising. 

Leicester. 

Massachusetts  Agricultural  College  Experiment  Station,  Amherst,  Haini)slHre 
County,  Mass.:  Large,  dull  yellow,  with  blush;  picked  Scj)t(Mnber  ;50,  1902, 
stored  Octobers;  after  January  1,  1903,  the  fiesli  became  mealy;  no  scald. 

liimbertwig. 

Near  Kansas  Agricultural  Experiment  Station,  Manhattati,  Kiley  County,  Kans.: 
Small,  greenish-red,  immature;  picked  October  15,  1901,  stored  October  10; 
very  hard  throughout  storage  season;  no  rot  or  scald;  fruit  received  through 
Kansas  Agricultural  Experiment  Station. 

Longfield. 

Maine  Agricultural  Exi^eriment  Station,  Orono,  Penobscot  County,  ^le.:  Clear, 

No.  1;  mellow  when  stored;  picked  September  16,  1901,  stored  October  24;  at 

end  of  commercial  season  when  stored. 
New  York  State  Experiment  Stati<m,  (ieneva,  Ontario  County,  N.  Y.:  Clear,  well 

colored.  No.  1;  picked  Octol)er  12, 1901,  stored  October  21,  seniifinn  when  stored; 

commercial  limit  December  1,  1901,  after  which  the  tlesh  grew  uioaly. 
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Lowell. 
New  York  State   Ex^xiriment  Station,   (Jeneva,  Ontario  County,  N.  Y. :  No. 
picked  September  2,  1902,  stored  September  3;  commercial  limit  0<-toher  1' 
1902,  after  which  it  softened  and  lost  quality. 

liOy. 

Kansas  A^icultural  Experiment  Station,  Manhattan,  Riley  County,  Kaos. :  l*SiIe^ 

greenish-red,  grade  No.  1;  picked  October  4,  1901,  stored  Oct<»ber  9;  March  H 

1902,  considerably  wilting,  no  scald,  decay  slight;  commercial  limit  March  1, 190S. 
W.  S.  Miller,  (ierrardstown,  Berkeley  County,  W.  Va. :  Well  colored,  No.  1 ;  picked 

October  9,  1901,  stonnl  October  18;  May  1,  1902,  prime  commercial  eonditioiu 

firm,  no  rot  or  scald. 

Mcintosh.     Synonym:  }frTnt(>i<h  Red. 

(r.  G.  Ilitchings,  South  Onondaga,  Ommdaga  County,  N.  Y.:  Well  colore<l,  No.  1; 
trees  12  years  old;  picked  October  7,  1901,  stored  October  12;  firm  till  January 
15,  1902,  after  which  it  l)(»came  mellow;  behavior  similar  in  1902-190.3. 

New  York  State  Experiment  Station,  (leneva,  Ontario  County,  N.  Y.:  Well  col- 
ored, No.  1;  picked  October  12,  1901,  stored  October  21;  firm  till  January  15, 
1902;  good  condition  for  box  storage  till  March  1,  1902;  in  1902-1903  the  fruit 
was  firm  a  month  longer. 

Mc  Intosh  Re.d.     ( See  M c  I  xt(  )s  n . ) 

McMaJbon.     Svnonvm:  McMnhon  White. 

New  York  State  E\pt»ri!nent  Station.  (Tcneva,  Ontario  County,  N.  Y. :  No.  1; 
unevenly  colore<l;  picki^l  October  12,  1901,  store<l  Octolier  21 ;  commercial  limit 
December  1,  1901;  rijx'ns  unevenly. 

McMahm  ^lute.     (Stv  McM  \noN. ) 

Magog. 

New  York  State  Exj)erimcnt  Station,  (ieneva,  Ontario  County,  N.  Y.:  No.  I; 
picked  Septend>er  IS,  1902,  store<l  S  ptember  27;  commercial  limit  January  1'5» 
1902,  after  which  tlie  tlcsh  s<»ftened;  no  scald. 

Maiden  Blush. 

New  York  State  Ex|KM'ini(Mit  Station,  (leneva,  Ontario  County,  N.  Y.:  Well  col- 
ored. No.  1;  picked  October  12,  1901,  stored  October  21;  after  December  15,  1901, 
the  ilcsh  softened;  b('havior  similar  in  1902;  no  scald. 

Mdniniofh  Jilftrk'hrit/.      (See  Akkan.s.vs.  )  • 

Mancl?.ester. 
New  York  State  Experiment  Station,  (iencva,   Ontario  County,   N.  Y.:  Small, 
immatun',  very  hard;  picked  September  20,  1902,  stored  Septemlx^r  27;  May  1, 
190.3,  hard,  immature;  no  scald  or  rot. 

Mann. 

W.  T.  Mann,  Barker,  Niagara  County,   N.  Y. :    Large,  bright,  clear.   No.  1;  soil 

sandy;    picke<l   October  24,  1902,  stored  October  2o;    May  1,   1903,   yellowish, 

bright,  hard;  no  rot  or  scald;  from  clay  soil,  greener  and  less  attractive  at  end 

of  storage  season, 
^lassiichusetts    Agricultural    College   Experiment    Station,    Amherst,    Hampshire 

County,  Mass.:  Medium  .-ize,  gra-sy  green,  dull;  picked  OctolDcr  11,  1902,  stored 

October  15;  May  1,  191);?,  very  hard  and  green;  no  rot  or  scald. 
New  York  State  llxperiment  Station,  (Jeneva,  Ontario  County,  N.  Y. :  Small,  hard, 

grassy  green;  picke<l  Octobers,  1902,  stored  Octol)er  11;  May  1,  1903,  hard  and 

green;  no  rot  or  scald. 

Manwaring. 

New  York  State  Experiment  Station,  (ieneva,  Ontario  County,  N.  Y.:  No.  1; 
picked  September  27,  1902,  stored  October  1;  commercial  limit  January  15, 1903| 
after  which  it  decayed  l)adlv. 
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Marigold. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Immature, 
small;    picked  October  6,  1902,  stored  October  11;  May  1,  1903,  very  hard;  no 
decay,  scald  slight. 

Xarxnalade. 

Michigan  Agricultural  College  Experiment  Substation,  South  Haven,  Van  Buren 
County,  Tlich.:  No.  1;  picketl  August  22,  1902,  stored  September  3;  j>robably 
semifirm  when  stored;  November  14,  1902,  seraifirm;  quality  poor;  no  rot. 

Melon.     Synonym:  Norton* s  Melon, 
Xew  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hard,  green; 
picked  October  12,  1901,  stored  October  21;  May  1,  1902,  still  hard  and  green; 
no  scald  or  rot;  in  1902-1903  the  fruit  softened  after  February  1  and  decaye<l 
considerably. 

Milden.  Synonym:  MUding, 
Z.  A.  Gilbert,  Farmington,  Franklin  County,  Me.:  Medium  size,  well  colored,  No. 
1:  picking  date  undetermmed,  stored  Noveml)er  10,  1902;  firm  till  March  1, 
1903;  in  good  condition  for  Ik)x  storage  till  May  1,  1903;  no  scald,  flight  decay 
from  bruiHing. 
Maine  Agricultural  Experiment  Station,  Orono,  Penobscot  County,  Me.:  l-<arge, 
bright  No  1 ;  picked  October  7,  1901,  stored  October  24,  semifirm  at  storing  time; 
held  semifirm  and  in  good  condition  for  storage  in  boxes  till  May  1,  1902,  after 
which  it  softened  and  decayed. 

yniding,      (See  Milden.) 

Killi^n. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Finn,  No.  1; 
picked  October  6, 1902,  stored  October  11 ;  after  January  15, 1903,  scald  appeared, 
though  the  fruit  was  firm  with  slight  scald  till  March  15. 

Kinkier. 
H.  M.  Dunlap,  Southern  Illinois:  No.  1;  picked  October  4,  1901,  8tore<l  October 
10;  good  commercial  condition  till  February,  1902;  March  17  nearly  one-fourth 
scalded,  but  fruit  firm;  considerable  decay. 

Kissouii.     Synonym:  Missouri  Pippin. 
F.  H.  Speakman,  Neosho,  Newton  County,  Mo.:  Large,  highly  colored.  No.  1; 
picked  October  20,  1901,  stored  October  30;  March  20,  1902,  prime  commercial 
condition,  hard,  no  scald  or  decay;  behavior  similar  in  1903;  commercial  limit 
probably  April  15  to  May  1. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 
No.  2,  scabby,  considerable  '*  flyspeck  ^'  fungus  and  codling-moth  injury;  picked 
September  26,  1901,  stored  October  16;  firm  till  March  1,  1902,  after  which  the 
fruit  decayed  badly. 

'^fi^souri  Pippin,     (See  Missouri.) 

Monmouth. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Bright, 
jn^een.  No.  1;  picked  October  12,  1901,  stored  Octol^er  21;  May  1,  1902,  in  prime 
commercial  condition;  firm,  no  rotor  s...ld;  behavior  similar  in  1902-1903;  com- 
mercial limit  about  June  1. 

^toore  Sweet. 
New  York  State  Experiment  Station,  (ieneva,  ^>ntario  County,  N.  Y. :  No.  1,  imma- 
ture; picked  October  12,  1901,  stored  OctoL.r  21;  firm,  with  no  decay  or  scald 
till  April  15,  1902,  after  which  it  8oftene<l. 
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Hother. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Firm,  poori 
coloreii,  No.  1;  picked  September  17,  1902,  stored  September  27,  firm  till  Marc 
15;  semifirm  and  in  good  condition  for  Rtorage  in  boxes  till  May  1, 1903;  no  dec& 

or  scald. 

Munsoii.     Svnonvm;  Munson  Sioeet. 
Maine  Agricultural  Experiment  Station,  Orono,  Penobscot  County,   Me.:  Cleat 

yellow.  No.  1;  rip^  when  stored;  picked  September  16,  1901,  store<i  October  ^t* 

the  fruit,  though  semifirm,  held  in  good  condition  with  no  rot  or  scald  till  Feb 

Tuary  5,  1902,  after  which  it  softened . 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Fair  colore*!, 

No.  1;  picked  September  25,  1902,  stortni  Septeml)er  29;  in  good  condition  till 

January  1,  1903,  after  which  it  softened;  no  scald  or  decay. 

Munson  Sweet.     (See  Munson.  ) 

iNansemond.     Synonym:  Xajisemond  Beauty. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 
No.  2,  small,  light  in  color,  injured  by  codling  moth;  picked  September  24,  1901, 
stored  October  16;  in  good  condition  till  February  1,  1902,  after  which  both 
decay  and  scald  appeared. 

Namemoiid  Beauty.     (See  Nansemond.  ) 

Nero. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va.:  Large,  not  well  colored, 
immature,  picked  September  27, 1901,  stored  October  18;  semifirm  when  stores!, 
in  good  condition  till  March  1,  1902,  after  which  the  fruit  softened  and  scald- 
appeared.     The  delay  in  storing  undoubtedly  shortened  its  storage  period. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va,: 
No.  2,  badly  affected  with  codling  moth,  well  colored;  picked  September  26, 
1901,  stored  October  16;  after  February  1  the  fruit  decayed  considerably, 
though  still  firm;  scald  appeared  March  1,  1902. 

This  variety  is  inclined  to  scald  considerably  after  midwinter,  unless  it  is  highly 
colored. 

Xererfail.     (See  Ralls  Genet.) 

Newbtf.     (See  Doctor.) 

"Newmsxi. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  No.  1; 
picked  October  12, 1901,  stored  October  21;  May  1, 1902,  firm,  in  prime  commer- 
cial condition;  no  decay  or  scald. 

Newtoirn  Pippin.     (See  Green  Newtown  and  YsLiiOW  Newtown.) 

Newtown  Spitzenburg^. 

G.  G.  Mitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  T^rge,  highly  coloi«d, 
No.  1 ;  trees  100  years  old;  picked  Octol)er  5,  1901,  stored  October  8;  in  good  con- 
dition for  barrel  storage  till  March  15;  semifirm  and  in  goo<i  condition  for  storage 
in  boxes  till  April  15,  1902;  no  scald  or  rot. 

G.  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Medium  sized,  bright,  light  colored, 
No.  1,  picked  October  13,  1902,  stored  October  19;  in  good  condition  for  barrel 
storage  till  February  15,  when  the  fruit  began  to  mellow;  good  condition  for  box 
storage  till  March  15,  1903,  after  which  the  flesh  became  mealy,  and  later  the 
fruit  burst;  no  sciild  or  decav. 

New  Water. 

New  York  State  P'xperiment  Station,  Geneva,  Ontario  County,  N.  Y. :  No  1; 
picked  October  12,  1901,  storeil  ()cto])er  21;  firm  till  January  15,  1902;  in  gotid 
condition  till  March  1 ;  no  decav  or  scald. 
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yn^stich.     (See  Hubbardoton.  ) 

k>x-tlieni  Spy. 

"F",  L.  Bradley,  Barker,  Niagara  County,  N.  Y. :  Poor  grade,  light  colored;  picked 

October  9,  1902,  stored  October  15;  May  1,  1903,  firm  and  in  goo<l  condition;  no 

rot  or  scald. 

A..  A.  Boggs,  Waynesboro,  Haywood  County,  N.  C. :  Large,  dark  red,  fancy; 
picked  September  25,  1902,  stored  SeptemV)er  30;  firm  until  Decern l)er  1,  1902, 
after  which  it  decayed  and  softened  rapidly. 

4_w.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Large,  highly  col- 
ored, fancy;  trees  6  years  old;  picked  October  22,  1901,  stored  Octoljer  26;  May 
1,  1902,  prime  commercial  condition,  firm,  no  scald,  slight  rot. 

New  York  State  Experiment  Station,  Geneva,  Ontario,  County,  N.  Y.:  Well  col- 
ored. No.  1;  picked  October  12, 1901,  stored  October  21;  May  1,  1902,  firm,  good 
commercial  condition.  Picked  November  3, 1902,  stored  November  15;  light  col- 
ored; in  good  condition  till  March  1,  1903,  after  which  the  fniit  decayed 
considerably. 

<T.  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Fancy,  medium  size,  dark  red; 
picked  October  16,  1902,  stored  October  19;  May  1,  1903,  hard,  no  rot  or  decay, 
and  in  prime  condition. 

This  variety  is  variable  in  its  storage  behavior.  It  is  particularly  susceptible  to 
decay  from  blue  mold,  especially  if  bruised  or  delayed  in  reaching  storage.  If 
well  colored,  picked,  i>acked,  and  handled  with  great  care,  and  stored  soon  after 
picking,  it  may  be  carried  in  storage  as  long  as  most  winter  varieties. 

H'ortliweatem  Oreening^. 
W.   S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Well  colore<i.  No.  1; 

picked  October  11, 1901,  stored  October  18;  May  1, 1902,  hard,  no  scald  or  decay, 

in  prime  commercial  condition. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Medium 

size,  ^o.  1;  picked  October  12,  1901,  stored  October  21;  May  1,  1902,  liard,  no 

scald  or  decay;  good  commercial  condition  till  June  1,  1902,  when  it  l)egan  to 

soften. 

Xorton*8  Melon.     Synonym  of  Melon. 

Oakland.     Synonym:  Oakland  Seeknofurther. 
New  Ybrk  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Bright, 
hard.  No.  1;  picked  October  12,  1901,  stored  October  21;  firm  till  March  1,  1902; 
semifimi,  in  good  condition  for  box  storage  till  April  15;  no  decay  or  scald. 

Ofikland  Seeknofurther.     (See  Oakland.  ) 

Oldenburg.     Synonym:  Duchess  of  Oldenburg. 
J.  F.  Taylor,  Douglas,  Allegan  County,  Mich.:  Hard,  light  colored,  No.  1;  picked 
August  20,  1902,  stored  August  21 ;  November  14,  1902,  in  prime  market  condi- 
tion, less  than  1  per  cent  of  rot,  no  shrinkage;  commercial  limit  probably  about 
December  15. 

Oliver.     Synonym:  Senator. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  No.  1 ;  picked  November  4, 
1901,  stored  November  12,  semifirm  when  stored;  May  1,  1902,  semifirm,  decay 
slight,  no  scald;  commercial  limit  probably  late  in  spring  when  stored  firm. 

Ontcurio. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Hard,  green. 
No.  1;  picked  October  2,  1902,  stored  Octol)er  11;  March  14,  1903,  firm,  no  decay 
or  scald;  May  1,  soft  and  worthless. 
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Ornament.     Synonym :  Ornament  de  Table. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  light 
colored;  picked  September  22,  1902,  stored  September  27;  May  1,  1903,  firm, 
decay  slight,  no  pcaid.     Fruit  picked  in  1901  in  similar  condition  May  1,  1^2. 

Ornament  de  Table.     (See  Ornament.) 

Palmer  Greening.     (See  Washington  Roval.) 

Paragon.     Synonym:  Blacktmg. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hard,  jcre«if 
No.  1;  picked  October  12,  1901,  stored  October  21;  March  14,  1902,  firm,  but 
badly  scalded;  May  1,  nearly  all  8(*alded,  firm,  no  decay. 

Peck  Pleasant. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Haiti  and 

green;  picked  October  4,  1902,  stored  Octol)er  11;  May  1,  1903,  finn,  no  decay, 

scald  slight. 
Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va.: 

No.  1,  somewhat  cloudy  and  wormy;  picked  September  26, 1901,  stored  CK*tol>er 

6;  January  24,  1902,  semifinn,  no  scald  or  decay;  May  1,  past  best  commertial 

condition,  considerable  rot;  commercial  limit  March  1. 

fl 

Peter. 
Michigan  Agricultural  College  Experiment  Substation,  South  Haven,  Van  Buren 
County,  Mich.:  Hard,  well  colored,  No.  1;  picked  September  9,  1902,  stored 
Septeml)er  10;  November  14,  1902,  in  piime  market  condition,  firm  and  sountl; 
commercial  limit  probably  January  1. 

Pewaukee. 
(t.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  Well  colored,  No.  1; 

tre€«  12  years  old,  picked  September  25,  1902,  stored  September  29;  May  1, 

1903,  firm,  no  rot  or  s(ald.     Emit  picked  in  1901  kept  in  similar  condition. 
Maine  Agricultural  Experiment  Station,  Orono,  Penobscot  County,  Me.:  ^Vei/ 

colore<l.  No.  1;  picked  October  7,  1902,  stored  October  24;  May  1,  19a3,  firm, 

decay  slight,  no  scald. 
Massachusetts   Agricultural  College  Experiment  Station,   Amherst,   Hampshire 

County,  Maas.:  Well  colored.  No.  1;  picked  Octobers,  1902,  stored  October  12; 

May  1,  1903,  finn,  no  scald  or  decay. 
W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va:  Well  colored,  No.  1; 

picked  October  8,  1901,  stored  October  18;  May  1,  1902,  no  scald  or  rot,  firm. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  hard, 

and  undercolored ;  picked  October  4,  1902,  stored  October  11;  May  1, 1903.  hard 

and  green,  no  rot;  fruit  picked  in  1901  kept  in  similar  condition. 

Phoenix. 
(i.  (t.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  Poor,  scabby,  ligh* 
red;  picked  October  1,  1902,  stored  October  4;  May  1,  1903,  hard,  no  scald  or 
rot.     Identity  uncertain. 

Piper. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hani, 
green,  No.  1;  picked  October  12,  1901,  stored  October  21;  May  1,  1902,  hard,  no 
scald  or  decay. 

Pound  Siveet.     \See  Pumpkin  Swekt.  ) 

Pride  of  Texas.     (See  Texas.  ) 

Pryor.     Synonym:  Pryor  Red. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va.:  Hard,  No.  1;  picked  Octo- 
l^r  11,  1901,  stored  October  18;  May  1,  1902,  finn,  free  from  rot  and  scald. 

Pryor  Red.     (See  Pryok.) 
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Pumpkin  Russet. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  No.  1 ;  picked 
September  17,  1902;  stored  September  27;  January  6,  1903,  a  little  pa^  commer- 
cial condition,  commencing  to  soften. 

Pumpkin  Sweet.     Synonyms:  Pound  Sweet;  Lymftn'g  Pumpkin  Street. 

G.  <T.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  I^rge,  well  colored, 
but  many  water-cored;  trees  10  years  old;  picked  Octol)er  1,  1902,  fltore<l  Octo- 
ber 4;  in  good  condition  until  January  15,  1903,  when  the  fruit  l)egan  to  nofteii 
and  decay;  fruit  picked  in  1901  kept  in  similar  condition. 

New  York  State  Experiment  Station,  (ieneva,  Ontario  Ciumty,  N.  Y.:  Medium 
Hized,  hard,  and  green;  picked  October  2,  1902,  stored  October  11;  May  1,  liK):J, 
firm,  decay  slight,  no  scald;  received  as  Pumpkin  Sweet. 

George  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Large,  No.  1 ;  picked  Octol)er 
6,  1902,  stored  October  9;  in  good  commercial  condition  until  January  1,  1903, 
when  the  fruit  began  to  decay. 

This  variety  often  discolors  in  fiesh  after  it  reaches  a  ripe  condition,  but  the  tex- 
ture remains  firm  after  the  discoloration  takes  place. 

Quince  Cole. 
Michigan  Agricultural  College  Experiment  Substation,  South  Haven,  Van  Buren 
County,  Mich.:  Sound,  No.  1;  picked  September  2,  1902,  stored  September  3; 
November  14,  1902,  semifirm,  quality  somewhat  impaired,  no  decay  or  8<'ald; 
commercial  limit  November  1. 

Kails.     Synonyms:  Geniton;  Ralh  Genet;  Xererfail. 
H.  M.  Duniap,  Southern  Illinois:  Small,  imperfect,  No., 2;  picked  October  9, 1901, 
stored  October  15;  January  17,  1902,  firm,  no  decay  or  scald;  March  18,  consid- 
erable decay  and  some  scald. 
W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Bright,  clean.  No.  1 ;  picked 
October  12,  1901,  stored  October  18;  May  1,  1902,  in  prime  condition,  no  rot,  or 
decav. 
Ralls  Genet.     ( See  Rall8.  ) 

Kambo. 

H.  M.  Duniap,  Southern  Illinois:  Well  colored.  No.  1;  picked  October  9,  1901, 
stored  October  15;  January  17,  1902,  quite  ripe,  but  free  from  decay  and  scald; 
March  18,  overripe  and  commencing  to  soften. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Well  colored.  No.  1; 
trees  about  100  years  old;  picked  October  1,  1902,  stored  October  6;  in  prime 
commercial  condition  until  April  1,  1903,  when  the  fruit  began  to  soften.  Fruit 
picked  in  1901  kept  in  similar  condition. 

Ked  Canada.     Synonyms:  Canada  Red;  Steele* s  Red  Winter. 
G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  Dark  red.  No.  1; 
trees  6  years  old;  dates  of  picking  and  storing  undetermined;  in  prime  commer- 
cial condition  until  April  15,  1902,  after  which  date  the  fruit  softened  very 
quickly. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Immature, 
hard.  No.  1;  picked  October  12,  1901,  stored  October  21;  May  1, 1902,  firm,  free 
from  scald  and  decay. 
Bed  Busset. 
Massachusetts  Agricultural  College  Experiment  Station,  Amherst,  Hampshire 
County,  Mass.:  Dull  colored,  wormy,  No.  2;  picked  October  13,  1902,  stored 
October  15;  May  1,  1903,  firm,  no  scald  or  decay. 

^d  Winter  Sweet. 
Geoi^ge  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Bright,  No.  1 ;  picked  October 
13,  1902,  stored  October  19;  March  1,  1903,  quite  mellow,  no  scald  or  decay. 
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Beinette  Pippin. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hard,im 
ture,  No.  1;  picked  October  1,  1902,  Htored  October  11;  March  14,  1903,  firm, 
scald,  decay  slight;  May  1,  semifirm,  quality  good,  considerable  decay.     F 
picked  in  1901  reached  its  commen^ial  limit  February  1,  1902,  and  by  March 
was  badly  scalded  and  sjKJcked  with  rot. 

Rhode  Island. 

F.  L.  Bradley,  Barker,  Niagara  County.  N.  Y.:  Firm,  poorly  graded;  picked  Sep- 
tember 27,  1902,  stored  October  3;  in  commercial  condition  until  March  15, 1903; 
May  1,  injured  by  scald  and  decay. 

J.  E.  Brown,  Wilson,  Niagara  County,  N.Y.:  Not  closely  graded;  many  small  and 
wormy  fruits;  dates  of  picking  and  storing  undetermined;  March  13,  1902,  con- 
siderable scald,  decay  slight. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.Y.:  Bright,  dark  green, 
No.  1 ;  picked  October  7,  1901,  stored  October  12;  in  prime  commercial  condition 
until  March  15,  1902,  when  the  fruit  began  to  scald,  May  1,  firm  but  ba«ily 
scalded.    Fruit  picked  in  1902  kept  in  similar  condition. 

Z.  A.  Gilbert,  Farmington,  Franklin  County,  Me.:  Small,  green,  fair.  No.  1;  pick- 
ing date  undetermined,  stored  November  14, 1902;  May  1,  1903,  in  good  commer- 
cial condition,  free  from  scald  and  decay. 

W.  T.  Mann,  Barker,  Niagara  County,  N.  Y.:  Bright,  laiige,  No.  1;  from  heavy 
soil,  very  green;  from  sandy  soil,  larger  and  yellower;  picked  October  11,  1902, 
Ktore<i  October  13;  May  1,  1903,  in  prime  commercial  condition,  no  scald  or 
decay. 

Massachusetts  Agricultural  College  Experiment  Station,  Amherst,  Hampshire 
County,  Mass.:  Dull  green,  No.  2,  covere<l  with  '*flyspeck'*  fungus;  picked  Octo- 
ber 8,  1902,  stored  October  12;  in  commercial  condition  until  February  1,  1903, 
when  the  fruit  began  to  mellow  and  grow  mealy,  while  very  green  out<nde. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hard, 
sound,  No.  1;  picked  October  3,  1902,  stored  October  11;  in  good  commercial 
condition  until  March  15,  1903,  when  the  fruit  began  to  discolor  and  soften. 
Fruit  picke<l  in  1901  kept  in  similar  condition  until  the  middle  of  March,  1902, 
except  for  the  appearance  of  considerable  scald. 

George  T.  Powell,  Ghent,  Columbia  County,  N.  Y.:  Bright,  well  colored,  No.  I; 
picked  October  5,  1902,  stored  October  9;  in  good  commercial  condition  until 
May  1,  1903,  when  the  scald  began  to  appear. 

Rhode  Island  Greening.     (See  Rhode  Island.  ) 

Shodes. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Poorly 
colored.  No.  1;  picked  October  1  to  12,  1901,  stored  October  25;  in  prime  condi- 
tion till  April  1,  1902,  after  which  it  became  mellow;  in  good  condition  for  box 
storage  till  May  1;  no  scald;  picked  September  22,  1902,  stored  September  27; 
mellow  by  January  15,  1903. 

Rhodes  Orange.     (See  Rhodes.) 

Richardson^ s  Red.     (See  Beach.) 

Boxne. 
A.  A.  Boggs,  Waynesville,  Haywood  County,  N.  C:  Laiige,  dark  red.  No.  J» 

picked  September  15,  1902,  stored  September  26;  March  1,  1903,  firm,  noecftW 

or  rot. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Hard,  ligbt 

colored.  No.  1;  picked  November  5,  1902,  stored  November  15;  March  14,  1903» 

firm  and  sound.     Fruit  picked  in  1901  in  good  commercial  condition  until 

May  1,  1902. 
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Some — Continued. 
G.  E.  Spohr,  Manhattan,  Riley  County,  Kans.:  Small,  poorly  colore<l;  dates  of 
picking  and  storing  undetermined;  March  20,  1902,  considerably  shriveled,  but 
free  from  rot  and  scald. 

Rome  Beauty,     (See  Rome.  ) 

Soxbury. 

F.  L.  Bradley,  Barker,  Niagara  County,  N.  Y.:  Sound,  No.  1;  pioke<l  October  1, 

1902,  stored  October  3;  in  good  commercial  condition  until  ^lay  1,  1903,  a^ide 

from  slight  shriveling. 
J.  E.  Brown,  Wilson,  Niagara  County,  N.  Y. :  No.  1;  dates  of  picking  and  ntoring 

undetermined;  May  1,  1902,  in  prime  commercial  condition,  no  nhriveling,  free 

from  rot. 
Massachusetts  Agricultural  College  Experiment  Station,   Amherst,   Hamj«hire 

County,   Mass.:  Medium  sized,  green,  not  well  russeted;  picke<l  ()ctol)er  13, 

1902,  stored  October  15;  May  1,  1903,  in  gocJ  commercial  condition,  no  rot, 

some  wilting. 
W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  No.  1;  picked  Noveml)er 

4,  1901,  stored  November  12;  May  1,  1902,  in  prime  commercial  condition,  no 

wilting,  free  from  rot. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  X.  Y.:    No.  1; 

picked  October  24,  1902,  stored  November  15;    May  1,  1903.  firm,  no  decay. 

Fruit  picked  in  1901  kept  in  similar  condition. 
George  T.  Powell,  Ghent,  Columbia  County,  N.  Y.:  Large,  briglit,  No.  1;  picked 

October  16, 1902,  stored  October  19;  in  prime  commercial  condition  until  May  1, 

1903. 
Viilginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  ('rmnty,  Va. ; 

Bright,  No.  1;  picked  September  26,  1901,  stored  Octol)er;  May  1, 1902,  in  prime 

commercial  condition,  no  wilting  or  decay. 

Iloxbury  Russet.     (See  Roxbvry.) 

Salome. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  I^rge,  bright,  hij^hly 
colored,  No.  1;  picked  October  9,  1901,  stored  ()ctol)er  18;  semifinu  January  1, 
1902,  but  held  in  prime  condition  till  May  1,  when  scald  appeared  and  the  fruit 
mellowed. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  X.  Y^.:  Hard, 
nnedium  sized,  light  colored;  picked  October  12, 1902,  stored  October  21;  in  good 
condition  till  April  1,  1903,  when  scald  appeared  freely;  June  1,  still  hard,  ])ut 
all  scalded. 

Scarlet  Cranberry. 

Massachusetts  Agricultural  Experiment  Station,  Amherst,  Hampshire  County, 
Mass.:  Medium  to  small,  very  hard,  dull  colored;  picked  Octol)er  13, 1902,  stored 
October  15;  May  1,  1903,  hard,  no  scald  or  rot;  would  probably  have  kept  much 
longer. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va.:  Large,  bright,  well  colored. 
No.  1;  picked  October  12,  1901,  stored  October  18;  May  i,  1902,  hard,  bright,  no 
scald  or  decay;  would  probably  have  kept  much  longer. 

Scott  Winter.     Synonym:  ScotVsRed  Winter. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  No.  1; 
picked  October  12, 1901,  stored  October  21 ;  May  1, 1902,  sound,  firm,  but  slightly 
wilted;  no  scald. 

fikotVs  Red  Winter,     (See  Scott  Winter.) 

Heehfiofurther.     (See  Westfield.) 
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Senator.     (See  Oliver.  ) 

Bliaxp. 
New  York  State  Exi>eriinent  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  hard, 
immature;  picked  October  12,  1901,  stored  October  21;  firm  till  Januarr  los 
1902;  semifirm  till  March  15,  after  which  scald  appeared  and  the  fruit  softened. 

Shiawassee.     Synonym:  Shiatta^ee  Beauiy. 
Massachusetts  Agricultural  College  Exx)eriment  Station,   Amherst,    Hanipehire 
County,  Mass.:  Well  colored^fair  grade;  picked  October  13, 1902,  stored  October 
15;  firm  till  December  1,  1902,  after  which  it  softened  and  later  burst  open. 

Shiaivassee  Beauty.     (See  Shiaw^assee.  ) 

Smith.     Synonym:  Smith  Cider. 

A.  A.  Boggs,  Waynesville,  Hayw^ood  County,  N.  C:  Lai'ge,  bright,  light  colored. 
No.  1;  picked  September  25,  1902,  stored  September  30;  firm  till  December  1, 
1902,  after  which  it  softened  and  decayed  badly. 

H.  M.  Dunlap,  Southern  Illinois:  Well  colored,  medium  sized.  No.  1;  picked  Sep- 
tember 9,  1901,  stored  September  15;  December  1,  1902,  semifinn;  in  good  box 
condition  till  February  1,  1902,  after  which  scald  appeared. 

G.  E.  Spohr,  Manhattan,  Riley  County,  Kans.:  Light  colored.  No.  1;  picked 
October  3,  1901,  stored  October  12;  in  good  commercial  condition  till  Febmaiy 
15,  1902,  after  which  scald  appeared  and  the  fruit  mellowed. 

Smith  Cider.     (See  Smith.) 

Snow.     (See  Fameuse.) 

Spitzen burg.     ( See  Esopus.  ) 

Spohr. 
G.  E.  Spohr,  Manhattan,  Riley  County,  Kans.:  Well  colored.  No.  1;  picked  Octo- 
ber 3,  1901,  stored  October  12;  hard  and  in  prime  commercial  condition  March 
20,  1902,  and  apparently  would  have  kept  well  throughout  storage  season ;  no 
rot  or  scald.     The  fruit  received  under  this  name  appears  to  be  Missouri  Pippin. 

Springrdale. 
W.  S.  Miller,  Gerrardstown,  Berkeley  County,  "W.  Va. :  Lai^ge,  well  colored,  No. 
1;  picked  November  5,  1901,  stored  November  12;  hard  and  in  prime  condition 
throughout  storage  season;  removed  from  storage  June  14,  1902,  still  hard  and 
of  bright  color,  no  rot  or  scald;  a  long  keeper. 

Staiiard. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Highly 
colored.  No.  1;  picked  October  12,  1901,  stored  October  21;  good  commercial 
barrel  condition  till  April  1 ;  semifirm  and  in  good  box  condition  till  May  1,  1902; 
no  scald  or  rot;  picked  September  19,  1902,  stored  September  27;  mellow  after 
March  1,  1903. 

Stark. 
Maine  Agricultural  Experiment  Station,  Orono,  Penobscot  County,  Me.:  Laiige, 

well  colored,  bright.  No.  1;  pickeii  October  7,  1901,  stored  October  14;  in  prime 

commercial  condition  June  14,  1902,  when  remove<i  from  storage;  no  scald  or 

decay. 
W.  S.  Miller,  Gerrardstown,  Berkeley  County,  AV.  Va.:  Medium  sized,  hard,  fair 

colored.  No.  1;  picked  October  2,  1901,  stored  October  8;  scald  appeared  after 

April  1,  1902,  but  fruit  remained  hard  throughout  storage  season. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hard, 

greenish  red,  No.  1;  picked  October  12,  1901,  stored  October  21;  hard  with  no 

scald  or  decay  June  6,  1902,  when  removed  from  storage. 

Stayman.     (See  Stayman  AVinesap.  ) 
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Stayman  'WineBap.     Synonym:  Stayman. 
A.  A.  BoggH,  Waynesville,  Haywood  County,  X.C.:  Fancy,  dark  red,  bright,  large, 

No.   1;  picked  October  25,  1902,  stored  November  26;  overripe  from  delay  on 

entering  storage;  25  per  cent  decayed  January  1,  1903;  no  scald. 
S.  H.   Derby,  Woodside,  Kent  County,  Del.:  Well  colored,  considerable  injury 

from  codling  moth;  picked  September  29,  1902,  stored  October  1;  May  1,  1903, 

in  prime  commercial  condition,  firm,  no  scald  or  rot. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Medium 

i^ized,  rather  dull  colored,  No.  1;  picked  October  1  to  12,  1901,  stored  Octol>er  21, 

in  good  condition  till' April  1,  1902,  when  the  fruit  began  to  scald;  May  1,  65  per 

cent  scalded,  balance  of  fruit  still  hard. 

Steele^ s  Red  Winter.     (See  Red  Canada.) 

Strode.      Synonym:  Strode^ 8  Birmingham. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Small, 
gi eenish  yellow;  picked  September  20,  1902.  stored  September  27;  in  good  con- 
dition till  December  15,  1902,  after  which  the  skin  cracked  open,  while  the  fruit 
was  ^ill  firm. 

Profit''' a  Birmingham.     (See  Strode.) 

Stuart  Qolden. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Bright,  hard.  No.  1 ;  picked 
October  11, 1901,  stored  October  18;  in  prime  commercial  condition,  hard,  bright, 
no  scald  or  rot,  June  14,  1902,  when  taken  from  storage. 

Sutton.     Synonym:  Sutton  Beauty. 

Massachusetts  Agricultural  College  Experiment  Station,  Amherst,  Hampshire 
County,  Mass.:  Medium  sized,  bright,  dark  red.  No.  1;  picked  October  8,  1902, 
stored  October  12;  firm  for  barrel  storage  till  February  1,  1903;  semifirm  and  in 
gowl  condition  for  box  storage  till  March  15,  1903,  after  which  the  fruit  l>ecame 
mellow;  no  scald  or  rot. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Medium 
sized,  well  colored,  but  rather  dull.  No.  1;  picked  October  21, 1902,  stored  Octo- 
ber 27;  firm  for  barrel  storage  till  March  15, 1903;  in  good  condition  for  box  storage 
till  April  15,  1903. 

George  T.  Powell,  Ghent,  Columbia  County,  N.  Y.:  Fancy,  large,  bright,  dark  red, 
from  young  trees;  picked  October  6, 1902,  stored  October  9;  firm  for  barrel  storage 
till  February  1, 1903;  semifirm  and  in  good  condition  for  box  storage  till  March  1, 
after  which  the  fiesh  softened  and  iDecame  mealy;  no  rot  or  scald. 

This  variety  does  not  keep  as  long  as  Baldwin  from  the  same  orchanls. 

Sutton  Beauty.     ( See  Sutton.  ) 

Swaar. 

Near  Kansas  Agricultural  College,  Manhattan,  Riley  County,  Kans.:  Clean,  No.  1; 

picked  October  9,  1901,  stored  October  13;  March  20,  1902,  firm,  no  scald  or  rot. 
Massachusetts  Agricultural   College  Experiment  Station,   Amherst,   Hampshire 

County,  Mass.:  Dull  colore<i,  fair.  No.  1;  picked  Octol)er  8, 1902,  storeil  October 

12;  May  1,  1903,  firm,  no  rot  or  scald. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Hard,  green, 

No.  1;  picked  October  12,  1901,  stored  October  21;  May  1, 1902,  firm,  no  decay, 

.vcald  slight. 

(reorge  T.  Powell,  Ghent,  Columbia  County,  N.  Y.:  Bright,  greenish  yellow.  No.  1; 
picked  October  13,  1902,  stored  October  19;  May  1,  1903,  in  prime  market  con- 
dition, no  scald  or  rot. 

Talrnan  Sweet,     (See  Tolman.  ) 
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Texas.     Synonym:  Pride  of  Texas. 
Xew  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Small,  hazd, 
and  green;  picked  October  12,  1901,  stored  October  21;  May  1,  1902,  firm,  no 
rot,  considerable  scald. 
Titovka. 
Michigan  Agricultural  Ck)llege  Experiment  Substation,  South  Haven,  Van  Burea 
County,  Mich.:  Laige,  well  colored,  No.  1;  picked  August  21,  1902,  8tore«l  Sep- 
tember 3;  September  16, 1902,  fully  ripe  and  highly  colored;  November  14,  over- 
ripe; many  fruits  cracked  open  and  flesh  discolored. 

Titus.     Synonym:  Titus  Pippin. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hard,  green. 
No.  1;  picked  October  6,  1902,  stored  October  11;  May  1,  1903,  firm,  no  decay 
or  scald. 

Titus  Pippin.     (See  Titus.) 

Tolman.     Synonyms:  Tolman  Stoeet;  TcUman  ^Sweet. 

F.  L.  Bradley,  Barker,  Niagara  County,  N.  Y.:  Fair,  No.  1;  picked  October  9, 1902, 
stored  October  15;  May  1,  1903,  firm,  no  decay  or  scald. 

Z.  A.  Gilbert,  Farmington,  Franklin  County,  Me.:  Fair,  No.  1;  picking  date  unde- 
termined, stored  November  14,  1902;  May  1,  1903,  hard,  no  decay  or  scald. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Bright,  clear  yellovr. 
No.  1;  trees  40  years  old;  picked  October  1,  1902,  stored  October  4;  May  1, 1903, 
finn,  no  decay  or  scald ;  fruit  picked  in  1901  kept  in  similar  condition. 

Massachusetts  Agricultural  College  Experiment  Station,   Amherst,   Hampshire 

County,  Mass.:  Bright,  No.  1;  picked  September  30,  1902,  stored  October  3: 

began  to  mellow  after  March  1,  1903;  no  scald  or  rot. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y, :  Small,  hard. 

No.  1;  picked  September  27,  1902,  stored  October  1;  May  1,  1903,  firm,  no 

decay,  scald  slight. 

Tolman  Sweet.     (See  Tolman.  ) 

Tompkins  King.     Synonym:  A'tn^;. 

F.  L.  Bradley,  Barker,  Niagara  County,  N.  Y.:  Well  colored.  No.  1;  picked  Octo- 
ber 9,  1902,  stored  October  15;  in  good  commercial  condition  until  April  15, 
1903,  after  which  the  fruit  became  mellow. 

J.  E.  Brown,  Wilson,  Niagara  County,  N.  Y.:  Well  colored,  No.  1;  picked  Octolier 
9,  1901,  stored  October  17;  April  9,  1902,  in  good  commercial  condition,  decay 
slight,  no  scald;  commercial  limit  May  1. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.-  Laige,  dark  red. 
No.  1;  trees  13  years  old;  picked  October  5,  1901,  stored  October  12;  May*  1, 

1902,  firm,  no  scald  or  rot;  fruit  packed  in  1902  did  not  keep  later  than  April  1» 
1903. 

Massachusetts  Agricultural  College  Experiment  Station,  Amherst,  Hampshire 
County,  Mass.:  Medium  sized,  bright,  half  colored;  picked  September  30,  1902, 
stored  October  3;  May  1,  1903,  firm,  no  rot  or  scald. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N,  Y. :  Small, 
hard,  and  green;  picked  Septeml)er  23,  1902,  stored  September  27;  May  1,  1903, 
gi-een  and  hard,  no  decay  or  scald;  fruit  picked  in  1901  kept  in  sound  condition 
until  May  1,  1902. 

George  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Very  large,  well  colored,  No.  1, 
from  young,  rank-growing  trees;  picked  October  4,  1902,  stored  October  9;  held 
well  until  January  1,  1903,  when  the  fruit  began  to  soften  and  become  mealy. 

Tufts.     Synonym:  Tafts  Baldinn. 
New  York   State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hani» 
greenish  red,  No.  1;  picked  September  16, 1902,  stored  September  27;  March  14, 

1903,  firm  and  sound;  May  1,  softening,  no  rot,  scald  slight. 
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Tufts  BaJdmn,     (See  Tuftb.) 

T^rejity  Ounce.     Synonym:  Cayuga  Redttreak. 

<i-  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Large,  well  col- 
ored, No.  1;  trees  12  years  old;  dates  of  picking  and  storing  undetermined;  Janu- 
ary 15,  19Q2,  ripe,  bat  still  firm  and  sound. 

New  York  State  Experiment  Station,  G«ieva,  Ontario  County,  N.  Y. :  Well  col- 
ored, No.  1;  picked  September  25,  1902,  stored  September  29;  January  6,  1903, 
mellow,  commencing  to  decay.  Fruit  picked  in  1901  kept  well  until  FeY>niary 
1, 1902. 

Vazftlioy. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hani, 
green,  fair.  No.  1;  picked  October  12,  1901,  stored  October  21;  May  1,  m)2, 
firm,  no  rot,  considerable  scald. 


Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 
Clean,  No.  1;  picked  September  26,  1901,  stored  October  18;  May  1,  1902,  semi- 
firm,  no  decay  or  scald;  good  commercial  condition  for  storage  in  l)oxeH. 

Victoria  Sweet. 

New  Y^ork  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Well  col- 
ored. No.  1;  picked  October  12,  1901,  stored  October  21;  Januarys  10,  11H)2,  Wau- 
tifully  colored,  quite  mellow. 

Wagener. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y'.:  Fair,  No.  1;  picked 
October  1,  1902,  stored  October  4;  began  scalding  February  1,  1903,  and  by 
March  15  over  50  per  cent  of  the  fruit  was  scalded;  commercial  limit  about  Fe]>- 
ruary  1  on  account  of  scald. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Hani,  well 
colored.  No.  1;  picked  November  5,  1902,  stored  Noveml)er  15;  March  14,  firm, 
no  decay  or  scald;  May  1,  1903,  soft,  considerable  decay,  no  s<'ald. 

George  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Half  red,  No.  1 ;  picked  ( )tto- 
ber  16,  1902,  stored  October  19;  held  in  prime  condition  until  April  1,  1903;  no 
rot  or  scald;  after  February  1  the  light  side  of  the  fruit  would  scAld  badly  within 
forty-eight  hours  after  removal  from  storage. 

This  variety  unless  highly  colored  is  one  of  the  worst  to  scald  after  midwinter. 

Walbridg>e. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  Large,  well  colored, 

No.  1;  picked  October  7,  1902,  stored  October  12;  in  good  commercial  condition 

until  February  1 ,  1903,  when  scald  began  to  develop.     Fruit  picked  in  1901  kept 

in  similar  condition.     Commercial  limit  February  1  to  15. 
Maine  Agricultural  Experiment  Station,  Orono,  Penobst^ot  County,  Me.:  Hard, 

medium  sized^  No.  1;  picked  October  7, 1901,  stored  Octoljer  24;  March  11, 1902, 

firm,  no  scald  or  rot;  commercial  limit  May  1,  after  which  $icald  and  <lecay 

appeared. 
Massachusetts  Agricultural  College  Experiment  Station,    Amherst,   HampHhire 

County,  Mass.:  Hard, poorly  colored,  fair.  No.  1;  picked  October  13,  1902,  stored 

October  15;  May  1, 1903,  hard,  no  rot  or  scald. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Hard,  green, 

fair,  No.  1;  picked  October  12,  1901,  stored  Octolier  21;  after  March  15, 1902,  the 

fruit  softened  and  much  of  it  became  mealy. 
This  variety  often  ripens  unevenly  and  becomes  mealy  and  dis('olored  in  flesh 

while  the  skin  is  bright  in  color 
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m  Boyal.     Synonym:  Palmer  Greening. 

Massachusetts  Agricultural  College  Experiment  Station,  Amherst,  Hampithire 
County:  Bright, clear  yellow, No.  1;  picked  Octobers,  1902,  gtored  October  12; 
in  good  commercial  condition  until  January  1,  1903,  when  the  fruit  be^san  to 
soften;  in  goo<l  condition  for  storage  in  boxes  till  February  1. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  hard, 
and  green;  picked  Octobers,  1902,  stored  October  11;  April  30,  1903,  mellow, 
no  rot  or  scald;  commercial  limit  March  1;  fruit  softens  without  developing  yel- 
low color. 

Waahingrton  Strawberry. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  IT. :  L%ht  <v>l- 
ored,  No.  1;  picked  October  12,  1901,  stored  October  21;  January  10,  19Q2,  mel- 
low, no  scald  or  rot;  commercial  limit  December  1,  1901. 

Wealthy, 
(i.  G.  Ilitchings,  South  Onondaga,  Onondaga  County,  N.  Y.:  Large,  dark  red,  No. 

1;  picked  September  20,  1902,  stored  September  24;  in  prime  commercial  ct>ndi- 

tion  until  January  1,  1903,  after  which  it  began  to  soften  and  fade  in  color. 

Fruit  picked  in  1901  kept  in  similar  condition. 
E.  Hutchins,  Fennville,  Allegan  County,  Mich.:  Light  colored,  No.  1;    picied 

August  28,  1902,  stored  September  2;  November  14,  1902,  in  prime  commercial 

condition,  free  from  rot  and  scald;  would  have  kept  well  for  a  number  of  weeks 

longer. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  hard, 

and  immature;  picked  Septeml)er  18,  1902,  stored  September  27;  March  14, 1908, 

semifirm,  decay  slight,  no  scald. 

Western  Beauty. 
New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:   No.  1; 
picked  October  12,  1901,  stored  October  21;  May  1,  1902,  firm,  no  rot  or  scald. 

Westfield.     Synonym:  Seeknofurther. 

G.  (j.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y'.:  Large,  well  colored. 

No.  1;  picked  October  1,  1902,  stored  October  5;  May  1,  1903,  firm,  no  rot  or 

scald.     Fruit  picked  in  1901,  not  so  well  colored,  kept  in  similar  condition. 
Massachusetts  Agricultural    College  Experiment  Station,    Amherst,  Hampshire 

County,  Mass.:  Large,  greenish,  No.  1;  picked  October  8,  1902,  stored  October 

12;  May  1,  1903,  hard,  no  rot  or  scald. 
George  T.  Powell,  Ghent,  Columbia  County,  N.  Y. :  Medium  sized,  half  colored; 

picked  October  6,  1902,  stored  October  9;  May  1,  1903,  firm,  no  rot  or  scald. 

White  Doctor. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Small,  green- 
ish yellow;  picked  September  20,  1902,  stored  September  27;  March  14, 1903, 
semifirm,  decay  slight,  all  scalded  slightly.     Fruit  pickeii  i*i  1901  kept  in  similar 
condition.     Commercial  limit  February  1. 
White  Pippin. 

A.  A.  Boggs,  Waynesville,  Haywood  County,  N.  C:  Bright,  lai^ge,  No.  1;  picked 
September  18,  1902,  stored  September  25;  May  1,  1903,  firm,  no  rot,  scald  light 
on  a  few;  commercial  limit  April  15. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Sound,  No. 
1 ;  picked  Octol^r  6,  1902,  stored  October  11 ;  March  14,  1903,  firm,  no  scald; 
commercial  limit  April  15;  fruit  picked  in  1901  after  March  1,  1902,  softened 
rapidly  and  decayed. 

White  Pearmain.     Synonym:  White  Winter  Pearmain. 
Near  Kansas  Agricultural  College,  Manhattan,  Riley  County,  Kans.:  Small,  imma- 
ture; picked  October  16,  1901,  stored  October  19;  May  1,  1902,  hard,  no  rot  or 
scald. 
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WhU^  JVirUer  Pearmain.     (See  White  Pearmain.) 

Will<rv7.     Synonym:   WUloviidg, 

H.    M.  Danlap,  Savoy,  111.!  No.  1;  picked  October  10,  1901,  Btore<l  OctoWr  15; 

March  18,  1902,  firm,  slightly  injured  by  scald  and  rot. 
ViT^ginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 
No.  2;  cloudy  and  wormy;  picked  Septeml)er  20,  1901;  date  of  storing  unde- 
termined; May  1,  1902,  commencing  to  shrivel,  no  scald,  ciecay  nlight. 

lllUourtwig.     (See  Willow.) 


S.  H.  Derby,  Woodside,  Kent  County,  Del.:  Hard,  light  red.  No.  1;  picked  Sep- 
tember 29,  1902,  stored  September  31;  May  1,  190.3,  hard,  no  scald  or  rot;  in 
prime  condition  to  carry  for  many  weeks. 

O.  J.  Dodd,  Greenwood,  Jackson  County,  Mo.:  Well  colored.  No.  1;  picke<l  Octo 
ber  1,  1901,  stored  October  4;  March  10,  1903,  in  prime  commercial  ccmdition, 
no  rot,  scald  very  slight;  commercial  limit,  on  account  of  s(*ald,  March  15. 

H.    M.  Dunlap,  Savoy,  Champaign  County,  111.:   No.  1;  slightly  wormy;  picked 
October  23,  1901,  stored  October  28;  January  17,  1902,  sound  and  in  gcMj^l  com 
mercial  condition;    March  18,  firm,  no  scald,  decay  slight;    fruit  picked  two 
weeks  earlier  and  lighter  in  color  was  one-thinl  si^alded. 

G.  G.  Hitchings,  South  Onondaga,  Onondaga  County,  N.  Y. :  Small,  hanl,  dark 
red;  trees  6  years  old;  picked  October  13,  1902,  8t^)red  Octolwr  16;  kept  well 
until  March  1,  1903,  when  scald  l^egan  to  develop.  Fruit  picke<l  in  1901  kept 
in  similar  condition.     Hard  throughout  storage  season. 

Near  Kansas  Agricultural  College,  Manhattan,  Riley  County,  Kans.r  Hartl,  small, 
poorly  colored;  picked  October  4, 1901,  stored  Octoljer  10;  March  20,  1902,  hard, 
no  rot  or  scald;  commercial  limit  probably  April  15. 

S.  L.  Lupton,  W^inchester,  Frederick  County,  Va.:  Fair,  No.  1;  color  fair;  f«ome- 
what  cloudy  and  wormy;  picked  October  18,  1901,  stored  Octol)er  22;  March  27, 
1902,  firm,  decay  very  slight,  about  one-third  scalded. 

Ozark  Orchard  Company,  Goodman,  McDonald  County,  Mo.:  Well  colored,  No.  1; 
picked  October  8, 1902,  stored  October  13;  March  10,  1903,  firm,  no  scald,  20  \)er 
cent  of  rot;  commercial  limit  February  1. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Hard,  Kinall, 
light  colored;  picked  October  12,  1901,  stored  October  21;' March  14,  1902,  firm, 
no  decay  or  scald;  April  30,  about  75  per  cent  of  scald,  no  decay,  hard. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va. : 
Medium  sized,  fair.  No.  1;  picked  September  30,  1901,  stored  Octol)er  17;  May 
1,  1902,  firm,  no  scald,  very  slight  decay,  and  wilting. 

Tl  inter  Maiden  Blush.     (See  Greenville.  ) 

'Winter  ParadiBe.     Synonym:   Winter  Sweet  Paradhe. 
W.  8.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  No.  1;  dates  of  picking 
and  storing  undetermined;  May  27, 1902,  in  prime  commercial  condition,  no  rot 
or  scald. 

Winter  Streifling. 

Michigan  Agricultural  College  Experiment  Substation,  South  Haven,  Van  Buren 
County,  Mich.:  Light  colored.  No.  1;  picked  September  1,  1902,  stored  Septem- 
ber 3;  November  14, 1902,  hard  and  sound;  would  have  kept  a  number  of  weeks 
longer. 

Winter  Sweet  Paradise.     (See  Winter  Paradise.) 

Wolf  Biver. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y.:  Large, 
bright,  No.  1;  picked  September  25,  1902,  stored  September  27;  January  6,  1903, 
in  prime  commercial  condition,  no  rot  or  scald. 
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Yellow  Bellflower.     Synonym:  Bellflower. 

F.  L.  Bradley,  Barker,  Niagara  County,  N.  Y.:  No.  2  grade,  scabby  and  nissetel;] 
picked  October  9,  1902,  stored  October  15;  May  1,  1903,  seniifirm  and  free  from 
scald  and  decay. 

G.  T.  Powell,  Ghent,  Columbia  County,  N.  Y.:  Highly  colored,  No.  1;  picke^l 
Octol)er  9,  1902,  stored  October  13;  April  1,  1903,  beginning  to  mellow,  no  scald 
or  rot. 

Yellow    Newtown.     Synonyms:    Albemarle;    Xeiuiovm    Pippin;    Yellow    Xewlotnt 
I^ppin. 

8.  L.  Lupton,  Winchester,  Frederick  County,  Va.:  Medium  sized,  well  colored, 
wormy;  picked  Octol)er  7,  1901,  stored  October  10;  May  1, 1902,  firm,  deca^^and 
scald  slight;  commercial  limit  April  1. 

W.  S.  Miller,  Gerrardstown,  Berkeley  County,  W.  Va. :  Bright,  No.  1 ;  picked 
October  10,  1901,  stored  October  18;  June  14,  1902,  in  prime  commercial  con- 
dition, no  scald  or  decay. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va.: 
Somewhat  wormy;  picked  September  27, 1901,  stored  October  17;  June  14, 1902, 
finn,  color  and  quality  good;  decay  and  scald  slight;  commercial  limit  May  15. 

Yellnir  ypwtowii  Pippin.     (See  Yellow  Newtown.) 

York  Imperial.     Synonym:  Johnson* s  Fine  W7nter. 

A.  A.  Boggs,  Waynesville,  Haywood  County,  N.  C:  Hard,  bright,  half  colored, 
No.  1;  picked  September  18,  1902,  stored  September  25;  May  1,  1903,  firm,  no 
scald  or  decay. 

S.  L.  Lupton,  Winchester,  Frederick  County,  Va.:  Medium  grade,  greenish  red. 
considerable  codling  moth;  picked  October  4,  1901,  stored  October  12;  scalded 
badly  after  January  1,  1902;  fruit  picked  October  23,  dark  red,  began  to  scald 
after  February  1,  but  did  not  scald  as  badly  as  the  early  picked  fruit;  the  com- 
mercial limit  of  the  dark  fruit  was  six  weeks  longer. 

New  York  State  Experiment  Station,  Geneva,  Ontario  County,  N.  Y. :  Medium  to 
small,  light  colored,  very  hard;  picked  October  1-12,  1901,  stored  October  21; 
began  to  scald  February  15,  1902,  and  a  month  later  three-fourths  of  the  fruit 
was  lightly  scalded  on  the  green  side;  remained  firm  throughout  season;  com- 
mercial limit  February  15  to  March  16. 

Ozark  Orchard  Company,  Goodman,  McDonald  County,  Mo. :  Large,  well  colore<l, 
No.  1;  picked  October  8,  1902,  stored  October  13;  March  10,  1903,  overripe, 
Homewhat  shriveled,  one-third  of  the  fruit  decayed,  no  scald;  commercial  limit 
January  15. 

Virginia  Agricultural  Experiment  Station,  Blacksburg,  Montgomery  County,  Va.: 
Bright,  well  colored,  No.  1 ;  picked  September  26,  1901,  stored  October  17;  Jan- 
uary 24,  1902,  firm,  no  decay,  one-third  of  the  fruit  slightly  scalded;  t»ommercial 
limit  January  1. 

F.  Wellhouse,  Tonganoxie,  Leavenworth  County,  Kans.:  Two-thirds  colored; 
picked  October  8,  1901,  stored  October  12;  March  20, 1902,  slightly  wilted,  some 
decay,  one-fourth  of  the  fruit  scalde<l;  commercial  limit  February  15. 

York  Stripe. 

W.  S.  Miller,  (ierrardHtown,  Berkeley  County,  W.  Va.:  Fair,  No.  1;  picked  Oct«»- 
ber  7,  1901,  stored  October  18;  May  27,  1902,  firm,  slight  decay,  and  scald; 
commercial  limit  May  1. 

Zolotoreff. 
Michigan  Agricultural  College  Experiment  Substation,  South  Haven,  Van  Bureii 
County,  Mich.:  I^rge,  well  colored,  No.  1;  picke<l  August  24,  1902,  stored  Sep- 
tember 3;  September  16,  1902,  mellow,  no  rot  or  scald;  November  14,  appear- 
ance of  fruit  quite  good,  but  flesh  dry,  discolored,  and  tasteless. 


ST7MMABY. 

An  apple  usually  should  be  fully  grown  and  highly  colored  when 
picked,  to  give  it  the  best  keeping  and  commercial  qualities.  When 
han*ested  in  that  condition  it  is  less  liable  to  scald,  of  l)etter  quality, 
more  attractive  in  appearance,  and  is  worth  more  monej^  than  when  it 
is  picked  in  greener  condition.     (See  pp.  16-18.) 

An  exception  to  the  statement  appears  to  exist  in  the  case  of  certain 
varieties  when  borne  on  rapidly  growing  young  trees.  Such  fruit 
is  likely  to  be  overgrown,  and  under  these  conditions  the  apples  may 
need  picking  before  they  reach  their  highest  color  and  full  development. 
(See  pp.  17,  23,  24.) 

Uniform  color  may  be  secured  by  pruning  to  let  the  sunlight  into 
the  tree,  b3'  cultural  conditions  that  check  the  growth  of  the  tree  early 
in  the  fall,  and  by  picking  over  the  trees  sevei*al  times,  taking  the 
apples  in  each  picking  that  have  attained  the  desired  degree  of  colo/ 
and  size.     (See  pp.  18,  19.) 

Apples  should  be  stored  as  quickly  as  possible  after  picking.  The 
fruit  ripens  rapidly  after  it  is  picked,  especially  if  the  weather  is  hot. 
The  ripening  which  takes  place  between  the  time  of  picking  and 
•storage  shortens  the  life  of  the  fruit  in  the  storage  house.  The  fruit 
rots  multiply  rapidly  if  storage  is  delayed  and  the  fruit  becomes  heated. 
If  the  weather  is  cool  enough  to  prevent  after-ripening,  a  delaj^  in  the 
storage  of  the  fruit  may  not  be  injurious  to  its  keeping  quality.  (See 
pp.  19,  21.) 

A  temperature  of  31^  to  32^  F.  retards  the  ripening  processes  more 
than  a  higher  temperature.  This  temperature  favors  the  fruit  in 
other  resjjects.     (See  pp.  21, 22.) 

A  fmit  wrapper  retards  the  ripening  of  the  fruit;  it  preserves  its 
Wght  color,  checks  transpiration  and  lessens  wilting,  protects  the 
apple  from  bruising,  and  prevents  the  spread  of  fungous  spores  from 
decayed  to  perfect  fruit.  In  commercial  practice  the  use  of  the 
trapper  may  be  advisable  on  the  finest  grades  of  fruit  that  are  placed 
on  the  market  in  small  packages.     (See  pp.  22,  23.) 

Apples  that  are  to  be  stored  for  any  length  of  time  should  be  placed 
inclosed  packages.  Fruit  in  ventilated  packages  is  likely  to  be  injured 
'^y  wilting.  Delicate  fruit  and  fruit  on  which  the  ripening  processes 
need  to  be  quickly  checked  should  be  stored  in  the  smallest  practicable 
commercial  package.  The  fruit  cools  more  i*apidly  in  small  packages. 
(See  pp.  24,  25.) 

Apples  should  be  in  a  firm  condition  when  taken  from  storage,  and 
*^^pt  in  a  low  temperature  after  removal.     A  high  temperature  hastens 

decomposition  and  develops  scald.     (See  pp.  25,  26.) 
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The  best  fruit  keeps  best  in  storage.  When  the  crop  is  lig'ht  it  niay 
pay  to  store  fruit  of  inferior  grade,  but  in  this  case  the  grades  should 
be  established  when  the  fruit  is  picked.  The  bruising  of  the  fruit 
leads  to  premature  decay.     (See  p.  26.) 

The  scald  is  probably  caused  by  a  ferment  or  enzyme  which  works 
most  mpidly  in  a  high  temperature.  Fruit  picked  before  it  is  mature 
is  more  susceptible  than  highly  colored,  well-developed  fruit.  (See 
pp.  26-28.) 

After  the  fruit  is  picked  its  susceptibility  to  scald  increases  as  the 
ripening  progresses.     (See  pp.  28, 29.) 

The  ripening  that  takes  place  between  the  picking  of  the  fruit  and 
its  storage  makes  it  more  susceptible  to  scald,  and  dela^'  in  storing*  the 
fruit  in  hot  weather  is  particularly  injurious.     (See  pp.  30,  31.) 

The  fruit  scalds  least  in  a  low  temperature.  On  removal  from  stor- 
age late  in  the  season  the  scald  develops  quickly,  especially  when  the 
temperature  is  high.     (See  pp.  29, 30.) 

It  does  not  appear  practicable  to  treat  the  fruit  with  gases  or  other 
substances  to  prevent  the  scald.     (See  pp.  32,  33.) 

From  the  practical  standpoint  the  scald  may  be  prevented  to  the 
greatest  extent  by  producing  highly  colored,  well-developed  fruit,  by 
storing  it  as  soon  as  it  is  picked  in  a  temperature  of  31"^  to  32^  F,  by 
removing  it  from  storage  while  it  is  still  free  from  scald,  and  >>v  hold- 
ing it  after  removal  in  the  coolest  possible  temperature.  (See  pp. 
26-31.) 

A  variety  may  differ  in  its  keeping  quality  when  grown  in  different 
parts  of  the  country.  It  may  vary  when  grown  in  the  same  locality 
under  different  cultural  conditions.  The  character  of  the  soil,  the  age 
of  the  trees,  the  care  of  the  orchard — all  of  these  factors  modif v  the 
growth  of  the  tree  and  f  niit  and  may  affect  the  keeping  quality  of  the 
apples.  The  character  of  the  season  also  modifies  the  keeping  power 
of  the  fruit.      (See  pp.  33-62.) 
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DESCRIPTION  OF  PliATES. 

Plate  I.  Frontiepiefe.  Apple  scald.  The  upper  figare  shows  a  light-colored  York 
Imperial  apple  in  March,  1903,  with  scald,  which  develoi)8  first  and  most 
severely  on  the  least  mature  side  of  the  fruit.  The  lower  figure  shows  a  highly 
colored  York  Imperial  apple  picked  from  the  same  tree  at  the  time  (October, 
1902)  when  the  upper  specimen  was  picked.  A  trace  of  scald  is  shown  on  the 
right-hand  side  of  the  apple,  where  the  color  is  not  so  dark  as  els«ewhere. 

Highly  colored  fruit  is  less  susceptible  to  scald  than  fniit  picked  in  an  imma- 
ture condition. 

Plate  II.  Tompkins  King  apples,  February,  1903.  This  fniit  was  picked  at  two 
degrees  of  maturity  in  September,  1902,  from  young,  rapidly  growing  trees.  The 
upper  specimen  represents  fruit  that  was  highly  colored  but  firm  when  picket! ; 
the  lower  figure  shows  fruit  one-half  to  two-thirds  colored.  The  iesa  mature 
fruit  kept  in  good  condition  a  month  longer  than  the  highly  colored  apple. 
Thet«e  apples  were  overgrown — a  condition  likely  to  occur  on  young  trees. 

From  older  trees,  apples  that  are  fully  grown,  highly  colored,  and  finn  when 
picked  have  kept  as  well  in  all  cases  (and  better  in  many)  than  immature  and 
undercolored  fruit.  The  dark-colored  York  Imperial  apples  from  older  trees 
represented  by  the  lower  figure  in  Plate  I,  frontispiece,  have  longer-keeping 
qualities  than  the  less  mature  fruit  shown  in  the  upper  figure. 

Plate  III.  Methods  of  wrapping  and  packing  apples.  Fig.  1. — Apples  unwrapped 
and  in  tissue,  parchment,  and  wax  wrappers,  in  order  from  left  to  right. 

The  wrapper  retards  the  ripening  of  the  fruit,  preserves  its  bright  color,  check? 
transpiration,  lessens  wilting,  protects  the  apple  from  bruising,  and  prevents  the 
spread  of  fungous  spores  from  decayed  to  perfect  fruit. 

Fig.  2. — Well  packed  barrel  of  Esopus  Spitzenhirg  apples  removeil  from  stor- 
age in  March,  1903.  The  fruit  was  properly  packed  in  the  orchard  and  repacking 
was  not  needed  when  the  fruit  was  sold. 

Fig.  3. — *' Slack"  packed  barrel  of  Northern  Spy  apples  removed  from  storage 
in  March,  1903.  The  fruit  was  not  packed  firmly  in  the  orchard.  It  settleil  in 
the  ]>arrel,  leaving  it  ** slack"  when  remove<l  from  storage.  Barrels  in  this  con- 
dition need  to  be  repacked.  The  fruit  is  easily  bruised  and  it  deteriorates  more 
quickly  in  the  storage  house  and  after  removal  when  it  is  loosely  packed. 

Plate  IV.  Baldwin  apples  from  clay  and  from  sandy  soils.  May  1,  1903.  This  fruit 
wa>*  picked  in  the  same  orchard  in  October,  1902,  and  was  stored  soon  after  pick- 
ing at  a  temperature  of  32°  F.  The  fruit  from  the  heavy  clay  soil  represented 
by  the  upi>er  figure  was  generally  i^maller  and  was  much  less  highly  colored. 
Botli  lots  kept  well  throughout  the  storage  season.  The  fruit  from  the  sandy 
land  represented  in  the  lower  figure  was  riper  at  the  end  of  the  storage  season, 
better  in  quality,  and  worth  more  to  the  dealer  and  to  the  consumer. 

Plate  V.  Scald  on  Rhode  Island  Greenmg  apple.  The  cross  section  shows  that  the 
scald  is  a  surface  trouble  and  does  not  extend  into  the  flesh. 

Plate  VI.  Wagener  apple.  The  uppt*r  figure  represent.^  the  condition  of  the  fruit 
when  removed  from  storage  in  February,  1903,  it  having  been  picked  in  October, 
1902,  and  stored  at  a  temperature  of  32°  F.  There  was  no  scald  on  the  applea^ 
when  removed.  Forty-eight  hours  later,  after  the  fruit  had  been  in  a  tempera- 
ture of  70°  F.,  the  light-coloi-ed  iK>rti(>n  of  the  apples  was  badly  scalded,  as 
shown  in  the  lower  figure. 

Late  in  the  storage  season  the  fruit  is  more  suscei)tible  to  s(»ld,  and  a  high 
temperature  when  the  fruit  is  removed  from  the  storage  house  may  develop  it 
quickly. 
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U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington,  D.  C. ,  July  7,  1903. 
Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  Bulletin  No.  49  of  the  series  of  this  Bureau,  the  accom- 
panying paper  entitled  '*The  Culture  of  the  Central  American  Rubber 
Tree."     It  is  especially  opportune  at  this  time  that  correct  information 
should   be  disseminated  on  this  subject,  as  interested  parties  have 
spread  many  delusive  reports  with  a  view  to  encouraging  enterprises 
designed  to  exploit  the  rubber  industry.     Under  these  circumstances 
accurate  and  reliable  information  should  be  accessible  to  all  classes  of 
our  citizens.     This  paper  was  prepared  by  Mr.  O.  F.  Cook,  Botanist 
in  Charge  of  Investigations  in  Tropical  Agriculture,  and  has  been  sub- 
mitted by  the  Botanist  with  a  view  to  publication. 

The  eighteen  half-tone  illustrations  are  considered  necessary  to  a 
complete  understanding  of  the  text  of  this  Bulletin. 
Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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PREFACE. 


In  the  year  1902  the  United  States  imported  coffee  to  the  value  of 
$70,982,155,  sugar«  $55,061,097,  and  crude  rubber  $24,899,230.  The 
iinpK>rts  of  crude  rubber  for  the  last  five  years  were  valued  as  follows : 

1898 126,386,010 

1899 31,707,630 

1900 31,376,867 

1901 28,455,383 

1902 24,899,230 


Total 141,825,120 

Average 28,365,024 

After  sugar  and  coffee,  crude  rubber  is  the  largest  of  the  tropical 
imports  of  the  United  States,  and  it  is  the  only  one  of  these  three  for 
which  we  are  still  entirely  dependent  on  foreign  countries.  Rubber 
culture  is  also  the  tropical  industry  in  which  the  largest  foreign  invest- 
ment of  American  capital  has  been  made,  and  this  is  far  larger  than 
that  of  any  other  country. 

The  present  jmper  on  ^'The  Culture  of  the  Central  American  Rubber 
Tree'"*  is  the  result  of  a  preliminary  study  of  rubber  culture  in  Guate- 
mala and  Southern  Mexico  by  Mr.  O.  F.  Cook,  I^tanist  in  Charge 
of  Investigations  in  Tropical  Agriculture,  who  has  already  left  for  a 
second  visit  to  Central  America  and  Mexico,  during  which  further 
attention  will  be  devoted  to  the  same  subject. 

These  studies  are  directed  primarily  to  the  question  whether  rub- 
ber culture  is  promising  for  Porto  Rico  and  the  Philippines,  and  the 
principal  fact  established  in  this  report,  that  a  continuously  humid 
climate  is  neither  essential  nor  even  desirable  for  rubber  culture, 
promises  well  for  the  extension  of  this  industry  to  the  tropical  islands 
of  the  United  States.  As  a  basis  of  effort  in  this  direction  the  more 
important  results  of  the  experiments  which  have  been  made  with  the 
Para  and  other  rubber  trees  in  the  East  Indies  and  elsewhere  have 
been  brought  together,  with  explanations  of  their  possible  bearing 
upon  the  culture  of  the  Central  American  rubber  tree. 

The  paper  will  have,  however,  a  more  immediate  and  popular  inter- 
est in  connection  with  the  subject  of  investments  in  rubber  culture, 


a  Not  including  imports  from  Hawaii  and  Porto  Kico. 


6  PBEFAOE. 

upon  which  this  Department  continueH  to  receive  a  large  amount  of 

correspondence  of  a  character  which  it  has  been  very  difficult  to  treat 

satisfactorily  by  letter. 

A  large  proportion  of  the  notes  and  illustrations  used  in  the  present 

paper  were  secured  in  the  Soconusco  district  of  Southern  Mexico  on 

the  estate  of  the  La  Zacualpa  Rubber  Plantation  Company,  through 

whose  hospitality  and  numerous  courtesies  the  work  of  Mr.  Cook  was 

greatly  facilitated. 

Fbedebigk  V.  CovniiE, 

JSotan^isL 
Office  of  Botanical  Investigations 

AND  Experiments, 

Washington^  J9.  (7.,  May  18 y  190S. 
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THE  CULTURE  OF  THE  CENTRAL  AMERICAN  RUBBER 

TREE. 


INTKODUGTION. 

Among  the  more  striking  results  of  the  industrial  progress  of  the 
nineteenth  century  was  the  rapid  multiplication  of  the  uses  of  rubber 
and  an  ever-increasing  demand  for   the  raw  material.     For  several 
decades  the  world's  needs  were  met  by  the  Para  district  of  eastern 
Brazil,  but  with  steadily  advancing  prices  as  an  inducement  the  entire 
Amazon  Valley,  and  indeed  all  tropical  regions  of  both  hemispheres, 
have  been  ransacked  in  search  of  additional  wild  supplies.     It  is  not 
yet  true,   as  sometimes   represented,   that   the  natural  product   is 
exhausted  or  that  a  rubber  famine  is  to  be  anticipated  at  an  early 
date.     Within  the  last  decade  the  value  of  good  grades  of  rubber 
passed  from  the  neighborhood  of  25  cents  to  a  dollar  and  upward  per 
pound,  and  the  rubber-gathering  industry  met  with  an  expansion  suffi- 
ciently rapid  to  more  than  keep  pace  with  the  demand,  so  that  a  period 
of  somewhat  more  moderate  prices  has  ensued.     But  with  a  steady 
increase  in  the  use  of  rubber  in  the  arts  and  no  very  general  improve- 
ment in  the  destructive  methods  of  gathering  the  wild  product,  it  is  to 
be  expected  that  this  respite  will  be  brief  and  that  the  question  of  the 
world's  future  supply  will  soon  become  more  acute. 

The  preservation  of  the  wild  rubber  forests  is  naturally  receiving 
more  and  more  attention  in  the  countries  in  which  they  are  so  impor- 
tant a  source  of  wealth,  but  measures  of  safetj^  are  least  likely  to  be 
applied  in  the  very  remote  and  unexploited  districts  where  they  would 
do  the  most  good.  Rubber  is  still  very  largely  a  product  of  savage 
rather  than  of  civilized  industry;  in  fact,  it  is  now  by  far  the  most 
important  contribution  of  barbarous  races  to  our  industrial  civiliza- 
tion. While  this  continues  to  be  the  fact  there  will  be  little  change  in 
the  careless  and  wasteful  methods  of  the  past,  but  the  appreciation  of 
rubber  forests  as  permanent  sources  of  income  may  be  expected  to 
increase,  so  that  the  continued  advance  in  the  price  of  rubber  no  longer 
means  merely  the  rapid  extinction  of  wild  rubber  trees,  but  implies 
also  increased  interest  in  the  protection  and  improvement  of  the  more 
productive  natural  forests.     Such  a  tendency  is  already  manifest, 
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especially  in  Brazil  and  in  adjacent  countries  of  South  America,  and 
probably  means  that  the  natural  supply  of  rubber  will  never  entirely 
cease,  but  will  gradually  become  the  basis  for  the  development  of 
scientific  forestry  in  the  Tropics.  There  is,  however,  no  probability 
that  any  large  proportion  of  the  present  producing  areas  will  become 
permanent  sources  of  supply,  and  the  cultural  production  of  rubber 
well  deserves  the  serious  consideration  it  is  now  receiving  in  all  agri- 
cultural regions  of  the  Tropics. 

Rubber  culture  is  no  new  or  recent  proposition,  since  beginnings 
were  made  nearly  three  decades  ago.     With  an  annual  plant  twent\- 
years  of  experience  would  teach  us  much,  but  for  dealing  with  long- 
lived  trees  that  period  is  very  short,  and  it  need  not  be  a  matter  of 
surprise  that  rubber  culture  is  still  in  the  experimental  stage.     Many 
cultural  mistakes  are  still  made  with  plants  that  have  been  in  domes- 
tication for  thousands  of  years,  and  the  failure  of  the  first  attempts 
with  rubber  might  have  been  predicted  simply  on  the  grounds  of 
probability.     Nevertheless,    a    distinct    period    of    discouragement 
resulted,  the  effects  of  which  are  still  felt  and  will  doubtless  remain 
until  more  detailed  knowledge  makes  plain  the  possibility  of  avoiding 
the  obstacles  previously  encountered. 

Progress  in  practical  matters  as  well  as  in  purely  scientific  subjects 
depends  much  upon  theories.  On  the  failure  of  the  first  experiments, 
the  theory  that  rubber  trees  could  be  profitably  cultivated  was  dis- 
carded by  many  who  came  to  the  conclusion  that  planted  trees  will 
not  produce  rubber.  This  view  is  by  no  means  extinct,  especially 
among  those  who  have  abandoned  rubber  planting  in  disgust.  An 
adverse  opinion  of  this  kind  is  popular  with  some  because  it  serves  as 
a  general  explanation  of  failure  and  spares  the  annoying  suggestion  of 
cultural  errors  and  oversights. 

Like  other  members  of  the  vegetable  kingdom  the  performances  of 
rubber  trees  have  been  found  to  depend  upon  the  conditions  under 
which  they  grow,  whether  planted  or  self  sown,  unless  they  were 
injured  in  planting.  In  the  American  Tropics  and  in  the  East  Indies 
the  possibility  of  the  cultural  production  of  rubber  has  been  demon- 
strated. This  fact  is  giving  the  pendulum  the  return  swing  in  the 
direction  of  sanguine  expectations,  and  the  assurance  that  rubber  cAn 
be  produced  culturally  is  too  often  taken  as  a  verification  of  the  origi- 
nal estimates  of  yields  and  profits  in  spite  of  the  fact  that  some  of 
these  have  been  disavowed  by  their  authors.  A  future  of  easy  pros- 
perity for  the  rubber  planter  is  held  to  be  assured,  and  the  opinion 
that  rubber  culture  is  still  experimental  is  resented  as  blindly  con- 
servative. The  lesson  of  the  former  miscalculation  is  forgotten  by 
the  new  generation  of  promoters,  and  the  fact  that  rubber  trees  have 
been  found  to  thrive  in  a  given  locality  is  taken  as  sufficient  evidence 
that  they  will  meet  even  the  most  reckless  estimates  of  productiveness 
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and  profits.  The  opening  of  large  plantations  under  untried  condi- 
tions in  Porto  Rico  and  the  Philippines  is  advocated,  and  the  investing 
public  is  assured,  in  effect,  that  the  returns  from  rubber  culture  are 
to  be  so  great  that  the  exercise  of  ordinary  agricultural  skill  and 
business  caution  is  unnecessary,  though  the  fact  remains  that  a  large 
measure  of  both  is  likely  to  be  required  if  the  numerous  unsolved 
problems  of  the  new  industry  are  to  be  overcome  without  ruinously 
expensive  experiments. 

THE  STATUS  OF  CASTILUL  BUBBEB  OULTUBE. 

Many  current  discussions  turn  upon  the  question  whether  rubber 
culture  is  still  in  the.  experimental  stage.  This  is  the  most  frequent 
objection  of  those  who  lack  confidence  in  rubber  culture,  and  naturally 
arouses  a  strong  protest  from  those  who  insist  that  rubber  planting  is 
the  safest  and  most  remunerative  branch  of  agriculture. 

It  is  true  that  rubber  culture  is  no  longer  a  new  idea,  since  it  was 
considered  by  the  Government  of  British  India  as  early  as  1872,  and 
Castilla  was  introduced  into  India  in  1876.  The  Hon.  Matfas  Romero, 
formerly  minister  from  Mexico  to  the  United  States,  also  began  to 
write  on  the  subject  of  rubber  culture  in  1872.  But  the  success  of 
rubber  culture  can  scarcely  be  demonstrated  from  the  experiments  of 
twenty  or  thirty  years  ago,  since  the  results  of  few,  if  any,  of  these 
appeared  sufficiently  promising  to  justify  their  continuation.  The 
plantation  of  Senor  Romero  was  located  in  the  Soconusco  district  of 
the  State  of  Chiapas,  in  southern  Mexico,  and  was  early  abandoned. 
The  small  plot  of  trees  visited  by  the  writer  at  La  Zacualpa,  some 
60  miles  northwest  from  Tapachula  (see  frontispiece),  was  prolwibly 
planted  as  a  result  of  the  interest  aroused  by  Senor  Romero  in  this 
vicinity.  The  trees  at  La  Zacualpa  were  set,  however,  as  shade  for 
cacao,  and  not  as  an  independent  culture.  This  was  not  the  only 
experiment  with  rubber  planting  in  the  same  region,  but  it  seems  to 
have  been  the  only  one  which  resulted  favorably  enough  to  call  for 
the  further  investment  of  capital  in  the  commercial  production  of 
rubber. 

There  have  been,  and  still  are,  three  general  opinions  regarding 
rubber  culture.  The  first  is  that  rubber  can  be  produced  at  a  profit  • 
wherever  the  trees  will  grow.  The  ver}'^  frequent  failure  to  secure 
rubber  in  paying  quantities  from  planted  trees  gave  rise  to  the  second 
opinion  that  rubber  could  not  be  produced  m  cultivation.  But  these 
ideas  are  beginning  to  give  place  to  the  third  and  more  rational  view 
that  rubber,  like  other  agricultural  crops,  can  be  produced  profitably 
only  under  favorable  conditions,  or,  in  other  words,  rubber  culture 
may  be  said  to  have  reached  the  stage  when  it  can  no  longer  be  indis- 
criminately advocated  nor  indiscriminately  condemned.  If  no  other 
evidence  were  obtainable,  the  planted  trees  visited  in  Soconusco  would 
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prove  that  rubber  can  be  produced  in  cultivation,  and  tlie  investment 
of  millions  of  dollars  in  Castilla  culture  in  tropical  Mexico  and  Cen- 
tral America  may  be  taken  as  evidence  that  many  are  convinced  that 
such  production  will  be  profitable.  It  is  most  unfortunate,  however, 
that  so  many  of  those  who  have  been  attracted  by  the  recent  revival 
of  interest  in  the  subject  have  accepted  the  first  view  rather  than  the 
third,  and  have  thus  needlessly  jeopardized  their  capital  by  attempting 
to  grow  rubber  under  conditions  which  the  older  experiments  have 
shown  to  be  more  or  less  unfavorable. 

When  it  is  claimed  that  rubber  culture  has  passed  the  experimental 
stage  this  should  be  taken  to  mean  that  the  agricultural  production  of 
rubber  has  been  demonstrated  as  possible.  But  from  the  agricultural 
standpoint  it  is  even  more  true  that  rubber  culture  has  only  entered 
the  experimental  stage,  since  very  little  is  known  regarding  condi- 
tions, methods,  and  results. 

CASTILLA  VERSUS  HEVEA. 

The  preceding  paragraphs  may  serve  to  explain  why  no  decision 
has  been  reached  on  the  very  important  question  of  the  relative  agri- 
cultural value  of  the  different  rubber-producing  trees.  It  has  been 
supposed  thus  far  that  the  climatic  and  cultural  requirements  of  the 
Para  rubber  tree  (Hevea)  and  the  Central  American  rubber  tree  (Cas- 
tilla) were  quite  different,  but  the  results  of  the  present  study  seem 
to  indicate  that  the  differences,  if  any,  have  been  much  overestimated. 
The  comparative  experiments  thus  far  carried  on  in  botanical  gardens 
have,  at  most,  but  a  local  value,  and  can  not  be  accepted  as  final.  In 
Java,  for  exaiilple,  both  Castilla  and  Hevea  were  condemned  in  favor 
of  Ficiis  elastica  (Assam  rubber),  but  it  now  seems  probable  that  the 
continuously  humid  mountainous  district  in  which  the  experiment 
was  tried  was  quite  unsuited  for  testing  the  productive  powers  of 
Castilla,  and  probably  of  Hevea  also. 

It  may  be  that  no  one  rubber-producing  species  will  attain  any 
great  or  exclusive  preponderance,  but  that  different  climatic  and  soil 
conditions  can  best  be  met  by  planting  different  trees.  The  wisest 
policy  in  untried  regions  will  be  to  make  experimental  plantings  of 
all  of  the  more  promising  rubber  trees.  At  present  these  are  three 
in  number:  Castilla,  Hevea,  and  Ficus.  Manihot  (ceara  rubber)  can 
probably  be  omitted  from  the  list  except  for  regions  too  dry  for  the 
others. 

UNCERTAINTIES  ATTENDING   RUBBER  CULTURE. 

Some  few  rubber  planters  have  not  been  contented  to  plant  any- 
where that  the  rubber  trees  could  be  made  to  grow,  or  even  where 
they  grew  wild,  but  have  emulated  the  northern  farmers  who  planted 
young  sugar  maples  close  by  the  productive  parent  trees.     Some  of 
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the  plantations  of  Mexico  seem  to  be  outside  the  natural  range  of 
Gastilla,  as  they  have  found  it  necessary  to  import  the  seeds  from 
other  districts.  Others  are  in  localities  where  the  rubber  tree  grows 
wild  but  produces  little  or  no  rubber.  For-example,  in  Soconusco  it 
would  be  entirely  possible  to  establish  a  rubber  plantation  on  the 
lower  slopes  of  the  mountainous  and  humid  coffee  district,  where 
wild  Castilla  is  not  uncommon.  Fortunately,  however,  rubber  plant- 
ing  has  been  confined  to  the  warmer  and  drier  coast  plain  and  to 
localities  where  both  wild  and  planted  trees  have  been  found  produc- 
tive. That  it  will  become  possible  by  correct  methods  to  produce 
rubber  in  countries  where  the  tree  is  not  native,  and  even  in  localities 
where  the  wild  trees  do  not  yield  well,  is  to  be  expected,  but  it  am 
scarcely  be  repeated  too  often  that  the  planting  of  more  than  experi- 
mental quantities  under  untried  conditions  is  a  hazardous  enterprise,  to 
Bay  the  least,  and  not  to  be  indulged  in  except  b}'^  those  who  can 
afford  to  lose. 

In  the  British  dependencies  of  the  Malay  peninsula,  Para  rubber 
for  several  years  past  has  enjoyed  an  era  of  rapidly  increasing  popu- 
larity, heightened  recently  by  the  fact  that  some  of  the  earlier  plant- 
ings have  begun  to  produce  and  that  good  prices  have  been  obtained 
for  the  samples  shipped  to  Europe.  But  even  yet  the  prize  of  success 
may  escape,  since  it  appears  that  the  new  East  Indian  Para  rubber, 
though  received  with  high  approval  by  the  importers,  has  been  found 
seriously  defective  in  quality. 

We  have  already  expressed  our  opinion  of  eamples  of  the  cultivated  rubber  from 
the  Malay  states,  which,  while  attractive  in  appearance,  do  not  really  resemble  the 
fine  Para  rubber  now  in  use.  It  is  much  softer  than  the  Brazilian  product,  and  of 
much  shorter  "fiber."  It  could  not  be  used,  for  example,  in  thread,  elastic  bands, 
or  any  fine,  pure  gum  goods.  In  solution,  it  quickly  loses  its  tenacity,  so  that  it 
would  not  do  for  high-grade  cements.-  And  it  readily  softens  with  age.  Perhaps 
some  of  these  defects  might  be  removed  by  the  introduction  in  the  East  of  the 
methods  of  coagulation  employed  in  the  Amazon  rubber  camps,  but  we  are  disposed 
to  believe  that  the  Eastern  planters  have  really  produced  a  new  grade  of  rubber,  and 
that  the  Para  article  can  never  wholly  be  duplicated  by  them.  It  is  to  be  under- 
stood, of  course,  that  the  rubber  is  valuable,  and  will  find  a  ready  market  at  a  price 
which  is  likely  to  yield  a  profit,  but  such  samples  as  have  reached  us,  valued  from 
the  manufacturer's  standpoints,  would  rank  at  least  25  per  cent  lower  than  fine  Para. 

The  good  prices  realized  in  London,  doubtless,  have  been  due  to  the  cleanly 
appearance  of  the  new  rubber.  And  they  have  been  based  on  the  judgment  of 
brokers,  rather  than  results  of  practical  tests  in  the  factory.  *  *  *  The  manu- 
facturer's test  is  the  one  by  which  the  value  of  this  rubber  will  be  judged  finally, 
regardless  of  what  may  be  the  judgment  of  brokers  to-day.  We  do  not  mean  to 
^mpen  the  enthusiasm  of  the  planters,  but  there  is  such  a  thing  as  basing  their 
plans  upon  estimates  of  profits  that  are  impossible.  ^ 

It  is  certainly  to  be  hoped  that  this  disappointing  report  can  be 
traced  to  some  accident  to  the  samples  condemned,  or  that  the  quality 

« India  Rubber  World,  1902. 
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will  improve  ss  the  trees  increase  in  a^.  And  vet  it  may  not  be  I 
matter  of  surprise  that  with  rubber,  as  with  so  many  other  natuni 
products,  perfection  will  be  found  to  depend  on  some  apparent^ 
trifling  and  long-overlooked  peculiarity  of  soil  or  climate.  * 

But  whatever  the  true  merits  or  prospects  of  the  Para  rubber  indus- 
try of  the  East  Indies,  the  above  report  well  illustrates  the  vicissitudef 
of  hope  and  failure  to  which  new  cultures  must  remain  subject  unti^ 
scientific  knowledge  and  practical  experience  have  revealed  the  prin- 
cipal factors  and  shown  something  of  their  relative  signiticance. 

It  is  impossible  to  tell  in  advance  which  fact  will  be  of  directly  prao-< 
tical  importance  in  the  development  of  a  new  and  complicated  subject^ 
like  rubber  culture.  Nothing  snould  be  disregarded  which  tends  to 
bring  the  rubber-producing  species  into  relation  with  the  facts  which 
have  been  accumulated  with  regard  to  other  plants,  or  which  can  serve 
as  a  suggestion  for  the  solution  of  any  of  the  all-too-numerous 
problems. 

EXTENT  OF  THE   CASTILLA   BUBBEK  INDUSTBT. 

At  present  the  two  centers  of  rubber  culture  are  locate  in  the  East 
Indies,  particularly  in  Ceylon  and  the  British  dependencies  of  the 
Malay  Peninsula,  and  in  Central  America  and  southern  Mexico.  The 
India  Rubber  World  has  recently  attempted  a  census  of  the  rubber- 
planting  stock  companies  of  Mexico,  and  26  of  these  have  re(x>rt6d 
a  total  of  11,117  acres  planted  with  5,443,105  trees.  The  numerous 
companies  which  did  not  report  and  the  many  estates  owned  by  indi- 
viduals would  probably  bring  the  total  area  devoted  to  rubber  to  the 
neighborhood  of  20,000  acres,  or  several  times  the  space  planted  with 
Hevea  in  the  East  Indies.  In  the  above  estimate  no  account  is  taken 
of  the  numerous  rubber  plantations  of  the  other  Central  American 
countries  and  the  beginnings  which  have  been  made  with  Castilla  in 
Colombia  and  Venezuela,  which  would  mean  an  addition  of  several 
thousand  acres  to  the  estimate  for  Castilla. 

CASTILLA  IN  THE   WEST  INDIES. 

Castilla  was  introduced  into  the  botanical  gardens  of  the  British 
West  Indian  colonies  shortly  after  it  was  sent  to  British  India  in  1875, 
but  rubber  culture  seems  not  to  have  become  established  in  any  of 
them,  although  numerous  favorable  reports  from  Trinidad  and  other 
islands  have  been  published. 

Castilla  appears  to  produce  good  rubber  and  to  do  remarkably  well  in  districts  in 
Dominica  where  the  average  rain&ill  is  about  70  mches  a  year.  I  am  satisfied  that 
the  soil  and  climate  of  that  island  are  suitable  for  the  cultivation  of  rubber 
trees.    *    *    * 

We  find  the  Central  American  rubber  tree  most  useful  in  Jamaica,  and  I  am 
recommending  estate  owners  in  some  districts  to  plant  these  trees  along  their  boaiid- 
aries  so  that,  if  they  are  not  used  for  anything  else,  they  will  make  excellent  fence 
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I  am  also  advising  them  to  plant  it  in  their  woods,  so  that  the  needs  may  l)e 
buted  by  birds.    *    *    * 

e  Tobago  rubber  trees  are  grown  on  the  cacao  estates  for  shade  purposes.    On 
estate  the  growth  made  by  the  trees  was  remarkable.     The  C-entral  American 
ti>ber  tree  is  the  one  chiefly  cultivated. « 

Castilla  seems  to  have  been  introduced  into  eastern  Cuba  several 
rs  agfo.  A  sample  of  rubber  apparently  of  excellent  quality  has 
n  received  recently  from  Mr.  Henry  McManus,  who  states  that 
bber  trees  are  growing  on  three  estates — ''Nunez,"  '^'Pahnarejo," 
Mid  ''  La  Consolacion" — in  the  vicinity  of  Baracoa.  The  annual  rain- 
Ul  in  those  localities  is  about  125  inches,  and  Castilla  is  said  to  thrive 
irell. 

CASTILLA   CULTURE   FOR   FORTO   RICO. 

Studies  of  Castilla  in  its  native  home  in  Mexico  have  resulted  in  a 
more  favorable  opinion  regarding  the  prospects  of  Castilla  in  Porto 
Rico,  since  it  is  believed  that  the  requirement  of  continuous  heat  and 
humidity  has  been  overstated.     The  north  and  south  sides  of  Porto 
Rico  have  very  different  climates;  some  districts  of  the  north  may  be 
too  Tve^  and  much  of  the  south  too  dry  for  Castilla.     There  are,  how- 
ever, particularly  toward  the  southwest  comer  of  the  island,  many 
places  where  the  climatic  conditions  are  not  unsuited  for  Castilla  and 
where  experimental  plantings  should  be  made.     If  the  soil  and  other 
local  conditions  do  not  prove  unfavorable  it  will  be  possible  to  utilize 
for  rubber  culture  much  waste  land  too  low  and  too  much  exposed  to 
drought  for  coffee. 

RUBBER  IN   THE   PHILIPPINES. 

The  United  States  Department  of  Agriculture  has  received  from 
the  Philippines  several  samples  of  low-grade  gutta-percha  but  no 
rubber,  and  it  has  not  been  supposed  that  native  rubber  trees  exist  in 
the  islands.  It  has  recently  been  announced,  however,  that  a  ship- 
ment of  native  rubber  has  been  sent  from  Zamboanga,  island  of  Min- 
danao, to  a  San  Francisco  firm.  This  rubber  is  said  to  be  derived 
from  Ficiis  elantica^  the  Assam  rubber  tree  of  the  East  Indies.* 

That  the  Ficus  is  confined  to  Mindanao  is  scarcely  to  be  expected 
in  view  of  the  fact  that  it  has  been  reported  on  Fonnosa,  far  north  of 
Luzon.  It  should  accordingl}'  be  sought  for  on  other  islands  of  the 
group. 

The  existence  of  what  may  prove  to  be  another  rubber  plant  is 
indicated  by  the  following  paragraph  from  a  recent  letter  received  by 

«  West  Indian  Bulletin,  2:112,  1901.       - 

^ India  Rnbber  World,  27:115.  The  existence  of  the  true  Ficus  elastica  in  the 
Philippines  is  unknown  to  botanistH.  Blanco's  Flora  Htates  that  an  elastic  gum  is 
obtained  from  Ficus  rostraiay  a  species  later  referred  to  Ficus  radicans  as  variety 
^ffulosa. 

4876— No.  49—03 2 
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this  Department  from  Mr.  Henry  E.  Neibei*t,  an  American  teacher 
stationed  at  Jaro,  on  the  island  of  Leyte: 

Tliert*  is  a  nibl)er  plant  indigenoiis  to  the  soil  here,  the  native  name  of  whif*h  in 
the  TUnasaya  dialect  is  f[uiliquUi  (pronounced  ke-li-ke-li) ,  Neither  the  natives  nor 
the  SpaiiiardH  seem  to  he  aware  of  its  commercial  value,  and  have  cut  all  easily  acceaei- 
ble  siHioiniens  at  an  early  age  for  the  columns  which  support  their  houses.  Because 
it  in  a  prolific  plant  in  the  only  reason  that  it  still  exists. 

It  is  not  known  that  either  Castilla  or  Hevea  has  been  introduced 
into  the  Philippines.  Seeds  for  experimental  planting  can  be  .secured 
more  easil}'  from  Ceylon  or  the  Straits  Settlements  than  from  tropical 
America,  but,  as  soon  as  the  superiority  of  any  one  or  more  of  the 
^lexicau  or  Central  American  varieties  of  Castilla  has  been  deter- 
mined, a  new  supply  of  seed  should  be  sent  out.  The  suitability  of 
some  of  the  various  soils  and  climatic  conditions  found  in  the  Philip 
pines  for  the  culture  of  Castilla  is  to  be  expected.  The  character  of 
the  natural  vegetation  would  enable  one  conversant  with  the  subject 
to  select  the  most  favorable  localities  for  experimental  plantings,  but 
until  these  have  given  evidence  of  success  extensive  undertakings  will 
not  be  justified. 

BOTANICAL  STUDY  OF  CASTHiUL. 

DIFFICULTIES   IN    STUDYING   TROPICAL   TREES. 

On  account  of  their  larger  size  it  might  be  supposed  that  trees  would 
be  the  easiest  of  all  objects  of  botanical  study,  but  this  is  far  from 
being  the  fact.     The  size  itself  makes  it  difficult  to  observe  a  tree  as 
a  whole  or  to  bring  numerous  individuals  under  the  eye  at  once,  as 
may  be  done  with  smaller  plants.     Moreover,  trees  can  not  be  pre- 
served as  complete  specimens,  and  only  small  fragments  can  be  accom- 
modated for  readv  reference  in  the  herbarium.     Nevertheless,  the  task 
ma}'  be  said  to  be  comparatively  simple  with  the  trees  of  temperate 
climates,  where  forests  are  relatively  open  and  are  frequently  composed 
of  only  a  few  kinds  of  trees,  or  perhaps  a  single  species.     In  the 
Tropics  a  natural  forest  of  one  species  is  practically  unknown;  hun- 
dreds  of    kinds   grow   indiscriminately   mixed    together.     Crowded 
together  in  tropi(*al  forests  trees  have  nothing  like  the  shapes  or  habits 
they  would  assume  if  standing  alone.     All  are  putting  forth,  as  it 
were,  their  best  efforts  to  grow  tall  and  thus  secure  as  much  sunlight 
as  possible.     Their  leaves  and  branches  are  inextricably  confused, 
interlaced  with  climbing  plants,  and  encumbered  with  parasites  and 
epiphytes.     To  cut  down  a  particular  tree  may  be  impossible  unless 
one  is  willing  to  clear  a  large  neighlx)ring  area  to  permit  it  to  falL 
Unless  the  botanist  finds  a  clearing,  his  opportunities  for  securing 
even  the  desired  fragments  of  branches  with  leaves,  flowers,  and  fruit 
may  l)e  extremeh'^  few,  hence  our  knowledge  of  tropical  trees  is  still 
in  the  oarl}"  pioneer  stages.     Very  recently  the  rubl)ertrec  of  the  Para 
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district  has  been  described  and  named  as  a  new  spe<*ies  distin(*t  from 
tile  original  Hevea  brazil i^ftms^  which  came  from  the  upper  Orinoco. 

THE  ORIGINAL   DESt'RIPTIOX   OF  CAHTIIJA. 

The   iiibber  tree  of  Mexic*o  received  a  Itotanical  description  and 
name  in  a  paper  read  by  Cervantes  before  the  Real  Jardin  IV>tanico 
(Roval    Botanic  Garden)  of  the  City  of  Mexico,  July  2,  171*4,  and 
printed  wth  an  engraved  plate  a  month  later  in  the  Suplemento  a  la 
Gaceta  de  Literatura,  a  publication  now  verv  rare.     A<'<'ordinff  to 
Collins  the  British  Museum  copy  lacks  the  illustration  of  the  plant,  but 
that  of  the  Library  of  Congress  at  Washington  is  complete,  and  the 
figures  are  shown  in  photographic  reproduction  as  Plate  II  of  the  pres- 
ent bulletin.    An  English  translation  of  Cervantes's  account  of  the  rub- 
ber tree  was  published  anonymously  in  1805,  but  is  said  to  have  l>een 
the  work  of  Charles  Koenig,  keeper  of  the  mineralogical  dejmrtment 
of  the    British  Museum.     In  this  the  name  of  the  plant  was  changed 
fmm  Castilla  to  Castilloa,  an  amendment  which  hjis  become  genemlly 
current,  although  justified  by  no  recognized  rule  of  botani<*al  nomen- 
clature.    The  tree  was  named  Castilla  in  honor  of  Castillo,  a  Spanish 
botanist  who  died  in  1793  while  engaged  in  the  preparation  of  a  flora 
of  Mexico.    To  modify  Castilla  into  Castilloa  was  not  the  first  change 
suggested,  since  a  Mexican  botanist  had  already  proposed  the  word 
Castella  in  the  same  year  in  which  Castilla  was  published.     The  ques- 
tion is,  of  course,  of  the  slightest  importance,  and  turns  on  whether 
the  personal  name  should  be  latinized  or  not  in  forming  from  it  the 
name  of  a  plant.     Castella  and  Castilloa  would  represent  extremes  of 
opinion,  but  few  botanists,  if  an}',  would  hold  that  Castilla  was  incor- 
rect, and  fewer  still  would  recognize  the  right  of  anybody  to  change  it. 
It  will  be  apparent  from  comparison  of  our  illustrations  (see  Plates 
IV  to  VII)  that  Cervantes's  plate  looks  little  enough  like  our  photo- 
graphs of  the  flowers  and  fruit  of  Castilla.     Indeed,  it  need  not  be  a 
matter  of  surprise  if  it  should  be  found  that  they  were  taken  from  some 
different  tree,"  though  there  seems  to  be  none  known  at  present  from 
Mexico  from  which  they  seem  likely  to  have  been  made.    The  rounded 
clusters  of  fruits  pointed  with  long  recurved  styles  have  considerable 
resemblance  to  those  of  some  of  the  species  of  the  South  American 
genus  Perebea,  and  the  long,  loosely -scaled  stiiniinate  flower  is  very 
unlike  those  of  the  true  rubber  tree,  though  all  those  discrepancies  may 
be  due  merely  to  careless  drawing.     That  Cervantes  was  not  personally 
«M!quainted  with  the  rubber  tree  in  nature  seems  to  be  indicated  by  his 
saying  that  the  tree  is  "one  of  the  tallest  and  most  leafy  which  grow 
on  the  hot  coasts  of  New  Spain,"  and  again  that  ''  the  trunk  is  8  or  4 
yards  in  thickness." 


«  Further  studies  show  that  more  than  one  species  of  (^antilla  is  being  cultivattHl 
in  Mexico  and  Central  America,  but  the  detailed  resultjj  can  not  U^  included  in  the 
pi'esent  report. 
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DESCRIPTION   AND  BOTANICAL  CHARACTERS. 

Geftieral  appearance, — Like  its  relatives,  the  fig,  the  breadfruit,  and 
the  trumpet  tree,  Castilla  has  a  characteristic  general  appearance  and 
habit  of  growth  which  render  it  ver}^  easy  of  recognition.  The  trunk, 
with  its  rather  smooth  light-gray  bark,  has  no  very  striking  pecul- 
iarity, but  the  slender,  simple  branches,  with  their  large  oval  leaves 
pendant  in  two  rows,  are  similar  to  those  of  ver}'  few  other  ti"ees. 
These  features  are  perhaps  most  conspicuous  in  trees  two  or  three 
years  old,  such  as  that  shown  in  Plate  VIII,  since  the  leaves  are  larger 
and  the  slender  branches  are  longer  than  in  trees  of  greater  size. 

The  temjM/rary  h'cmcheH  of  Castilla, — The  apparent  impossibility  that 
a  young  tree  should  have  longer  branches  than  an  old  one  is  realized  in 
Castilla  through  the  curious  habit  of  self-pruning  (PI.  X),     Such  a  tree 
as  that  shown  in  Plate  VIII  has,  in  fact,  no  true  or  permanent  branches, 
which  generalh^  do  not  appear  before  the  third  or  fourth  year.     Tlie 
temporay  or  false  branches  have  a  special  layer  of  tissue  at  the  base, 
which  softens  and  releases  them  from  their  sockets,  which  are  soon 
overgrown  by  the  bark,  so  that  even  the  scar  becomes  almost  indistin- 
guishable.    The  base  of  a  fallen  branch  is  marked  with  very  fine 
edges  and  grooves  radiating  from  the  central   pith,  which  is  very 
small  at  the  joint  (PI.  XI).      It  is  noteworthy  from  the  lx)tanical 
standpoint  that  these  temporary  or  deciduous  branches  arise  from  the 
axils  of  leaves,  while  a  more  permanent  or  true  branch  appears  as  an 
adventitious  bud  at  the  side  of  the  base  of  a  temporary  branch.     On 
young  trees  it  is  very  easy  to  distinguish  temporary  from  permanent 
bi^anches,  from  the  fact  that  the  latter  are  directed  obliquely  upward 
at  an  angle  of  about  45  degrees,  while  the  temporar}^  branch  near 
which  it  arises  is  almost  or  quite  horizontal.     It  has  been  supposed  by 
some  that  all  the  true  branches  are  permanent — that  is,  that  the}'  are 
not  provided  with  the  soft  basal  tissue  which  enables  the  othei-s  to 
separate  so  neutly ;  but  the  specimen  illustrated  in  Plate  XI  shows  that 
in  one  instance,  at  least,  a  branch  of  considerable  size,  and  itself  also 
branched,  had  been  shed  in  the  same  manner  as  the  smaller  branches. 
The  topical  temporary  branches  seldom,  if  ever,  attain  an   inch  in 
diameter  at  the  base,  but  on  young  trees  they  may  be  10  or  12  feet 
long,  while  the  leaves  of  such  branches  sometimes  measure  18  or  ^ 
inches  in  length.     These  dimensions  are  generally  decreased  to  le^ 
than  half  after  the  tree  has  attained  the  mature  branching  form  and  is 
not  dependent  on  a  single  axis  for  upward  growth. 

The  leavers  and  leaf  seal  en. — A  detailed  technical  description  of  Cas- 
tilla would  be  scarceh'  in  place  in  the  present  paper,  and  is  rendei*ed 
unnecessary  by  the  natural  size  illustrations  (Pis.  Ill  to  VII),  which 
are  far  more  effective  than  any  description  could  be  in  conveying  an 
impression  of  the  details  of  the  growing  tips  of  the  branches,  leaves, 
flowers,  and  fruits. 


DESCBIPnON   OF  CA8TILLA.  21 

The  hairs  or  bristlen  which  clothe  the  branch  are  of  a  dull  greenish- 
jellow  or  brown  color;  they  are  sharp  pointed,  and  with  age  become 
stiff  enoug'h  to  penetrate  and  irritate  the  skin  of  the  hands  like  the  fine 
opines  of  a  cactus.  Each  leaf  is  covered,  before  it  begins  to  oj)en,  by 
a  large  hairy  bud  scale,  ribbed  lengthwise  (PI.  III).  On  falling  away 
this  leaves  a  narrow  scar,  which  extends  completely  around  the  branch, 
but  Ls  much  higher  on  the  side  away  from  the  leaf  which  the  scale 
covered.  Below  the  scar  is  a  row  of  small  waits,  at  first  white  and 
then  turning  reddish.  Similar  leaf  scars  and  warts  are  also  found  on 
the  breadfruit  and  on  the  numerous  species  of  figs. 

The  leaves  are  of  afresh  light-green  color.     When  young  they  are 
decidedly  yellow  below,  because  of  the  presence  of  numerous  greenish- 
yellow  hairs,  somewhat  softer  than  those  of  the  branches.     The  fully 
expanded  leaves  appear  less  hairy  because  the  hairs  are  distributc^d 
over  a  larger  surface.     They  are  most  numerous  on  the  midrib  and 
larger  veins,  but  are  not  confined  to  these.     The  hairs  of  the  veins 
near   the    margin   sometimes   project   past   the  edge  in  little  tufts, 
which  give  the  appearance  of  fine  marginal  teeth.     The  Imse  of  the 
leaf  is   composed  of  two  broadly  rounded  lobes,  which  often  extend 
past  the  stem  and  overlap.     The  larger  veins  are  very  prominent; 
they  continue  to   branch  and   subdivide  until  a  v^ery  delicate  net- 
work   is    formed.     The  veins  of  all  sizes  are   more   hairy  than  the 
surface  between  them,  ))ut  this  is  also  distinctly  hirsute.     The  upper 
surface  appears  smooth  by  comparison  and  is  a  much  darker  green  in 
color.     The  veins  are  not  prominent  alx)ve  and  bear  but  few  hairs. 
Under  a  lens  it  may  be  seen  that  the  upper  surface  is  not  really 
smooth,   but  is  set  with  very  short  pointed  hairs,  which   render   it 
rather  rough  to  the  touch. 

The  flowers  mid  fruits  of  Castilla, — The  flowers  of  Castilla  are  of 
two  very  different  kinds.  Both  usually  occur  on  the  same  tree, 
though  3^oung  trees  often  produce  only  the  male  or  staminate  flowers. 
These  are  shown  in  natural  size  in  Plates  IV,  V,  and  VI,  and  consist 
of  scaly  flattened  pods,  opening  along  the  edge  like  a  bivalve  shell. 
Inside  is  a  mass  of  creamy  white  stamens.^' 

The  whole  flower  or  head  suggests  a  flattened  fig,  opening  along  the 
edge  instead  of  at  a  small  aperture  in  the  middle.  A  pair  of  much 
smaller  and  more  fig-like  clusters  of  male  flowers  is  often  attached 
immediately  under  a  cluster  of  female  flowers. 

The  most  conspicuous  difference  the  writer  was  able  to  find  between 
the  Castilla  of  Alta  Vera  Paz  in  eastern  Guatemala  and  that  of  the 
Soconusco  district  of  southern  Mexico  is  in  the  scales  of  the  male 


«In  Modern  Mexico  for  March,  1903,  a  correspondent  writinj;  from  Oaxaca,  Mex- 
ico, states  that  the  flowers  of  Castilla  are  "of  a  brilliant  scarlet,"  which  would  seem 
to  indicate  a  variety  distinct  from  those  seen  by  the  writer,  unleas  the  deep  orange 
color  of  the  fruits  has  been  confused  with  that  of  the  flowers. 
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flower  clustern.  Plate  IV,  from  a  photograph  made  near  Panzos, 
Guatemala,  shows  scales  much  larger  and  more  closely  appressed  than 
Plates  V  and  VI ,  from  photographs  taken  on  La  Zacualpa  estate  near 
Tapachula,  Mexico.  The  difference  is  especially  noticeable  along  the 
margins  of  the  valves,  where  the  scales  of  the  Soconusco  specimens 
are  smaller  and  more  numerous  and  project  more  than  the  othei^s,  as 
will  be  seen  by  a  comparison  of  the  plates. 

The  pistillate  or  female  flower  clusters  of  Castilla  (PI.  VI)  are  flat- 
tened in  the  other  direction,  and  might  be  described  as  liroadly  top- 
shaped.  The}'^  are  covered  with  scales  much  coarser  than  those  of 
the  staminate  flowers,  and  numerous  two-parted  styles  are  exposed 
in  the  middle. 

As  the  fruits  approach  maturity  they  enlarge  and  spread  apart  until 
the  scales  which  formed  the  sides  of  the  young  flower  cluster  are  car- 
ried back  underneath  to  furnish  a  base  for  the  rounded-pyramidal 
orange-colored  ripe  fruits  (PI.  VII).  The  number  of  fruits  which  are 
able  to  mature  varies  between  15  and  25,  and  these  are  surrounded  bv  an 
equally  variable  number  of  more  or  less  aborted  fruits,  which  shadeoff 
into  scales  by  imperceptible  gi-adations.  At  the  rounded  or  truncate 
apex  of  the  fruit  is  a  minute  cavity  in  which  the  withered  remnants 
of  the  two-parted  style  are  usually  to  be  found. 

The  scales  of  the  flower  heads  arc  velvety,  with  small  and  very 
numerous  hairs,  but  the  hairs  of  a  few  scales  near  the  point  of  attach- 
ment are  much  coarser.  The  fruits  are  also  very  finel}"  pubescent  or 
velvety,  the  hairs  being  still  more  numerous  and  shorter  than  those  of 
the  sc^ales. 

The  flesh  of  the  fruit  of  Castilla  contains  numerous  delicate  Abel's. 
It  has  a  faintly  sweetish  taste,  but  is  without  appreciable  flavor.  The 
removal  of  the  pulp  leaves  an  ivory-white  seed  about  the  size  and 
shape  of  the  chick-pea  or  garbanzo  {deer  arietinum)^ but  more  regular 
in  shape.  The  white  outer  wall  of  this  seed  is  thin  and  l)ecomes  brit- 
tle as  soon  as  it  has  dried  a  little.  Underneath  it  is  a  still  more  deli- 
cate brown  coat,  marked  with  branching  lines  of  lighter  brown.  The 
seed  itself  consists  of  two  somewhat  hemispherical  cotyledons,  with  a 
very  small  plumule  near  the  more  pointed  end. 

It  is  doubtless  owing  to  their  very  thin  walls  and  rather  fleshy  tex- 
ture that  the  seeds  of  Castilla  dry  out  very  easil}^  and  are  accordingly 
very  short-lived.  The  fruits  ripen  and  fall  to  the  ground  at  the  end 
of  the  dry  season,  and  the  pulp  assists  in  keeping  the  seeds  moist  until 
the  beginning  of  the  rainy  season  brings  conditions  favorable  for  their 
germination. 

The  milk  of  unripe  fruits, — At  present  the  rapid  increase  of  rubber 
plantations  renders  the  seeds  valuable,  but  it  is  still  permissible  to  raise 
the  question  whether  the  milk  with  which  the  unripe  fruits  abound 
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may  not  be  utilized.  Tlie  fruits  are  produced  in  large  quantities  and, 
if  the  seeds  were  not  in  demand,  would  be  of  no  value  to  the  planter. 
The  aggregate  amount  of  milk  they  contain  must  })e  considerable, 
sinct*  on  the  slightest  injury  a  large  drop  of  creamy  liquid  exudes. 
This  continues  to  be  the  case  as  long  as  the  fruit  remains  green,  but 
as  soon  as  it  turns  yellow  the  milky  juice  disappears  except  from  the 
seed  itself.  Presumably  it  is  changed,  as  in  figs  and  in  the  fruits  of 
the  family  Sapotacea?,  into  the  juices  which  render  the  pulp  attrac^tive. 
The  birds  are  apparently  fond  of  the  ripe  fruits  of  Castilla.  To  dry 
the  fruits  gradually  would  probably  mean  the  destruction  of  the  rub- 
ber in  the  same  way  as  in  normal  ripening,  so  that  it  might  be  neces- 
sary to  cut  or  crush  the  fruit  clusters  to  induce  prompt  drying,  or 
to  extract  the  milk  and  other  juices  by  pressure,  followed  by  washing 
and  the  sepamtion  of  the  rubber. 

In  case  it  should  be  found  that  rubber  could  be  obtained  from  the 
unripe  fruits,  it  would  probably  not  be  necessary  to  pick  them  by 
hand.  They  are  so  attached  along  the  simple  branches  (PI.  XVIII, 
fig".  2)  that  several  of  them  could  be  brought  down  by  a  single  motion 
of  a  forked  stick. 

I^rrtssic  acid  m  Castilla  seeds. — In  examining  the  fresh  seeds  of  Cas- 
tilla a  distinct  odor  of  prussic  acid  was  noticed,  a  fact  which  may  have 
bearing  upon  the  physiology  of  rubber,  since  the  same  substance  occurs 
in  the  seeds  of  Sapotacese,  the  family  which  furnishes  gutta-percha, 
and  is  also  known  to  exist  in  the  iTibber-yielding  genus  Manihot,  of 
the  family  Euphorbiacese,  to  which  the  Para  rubber  tree,  Hevea,  also 
belongs. 

SPECIES   AND   VARIETIES   OF   CASTILLA. 
hooker's  monograph  of  castilla. 

Sir  eloseph  Hooker  wrote  what  might  be  termed  a  monograph  of 
Castilla  in  1885,^*  in  which  four  species  or  varieties  were  described, 
though  no  new  botanical  names  were  assigned  to  them.  The  charac- 
ters of  the  fruits  were  chiefly  relied  upon,  and  these  are  described  as 
follows: 

I.  ChMiUou  eJastica.  Fniiting  receptacle  (in  Honduras  specimens)  IJto^  inches 
in  diameter;  ripe  carpels  coriaceously  fleshy,  with  pyramidal  free  pubescent  crowns 
one-third  inch  high;  crown  3  to  4  grooved  laterally,  with  rounded  angles  and  obtuse 
depressed  4-lobed  tips.  Seeds  one-fourth  to  one- third  inch  in  diameter;  more  or 
less  immersed  in  the  free  crown  of  the  carpel;  testa  white,  papery  when  dry;  coty- 
ledons thick,  plano-convex;  radicle  minute,  superior. 

The  character  by  which  I  identify  this  with  the  plant  of  Cervantes  is  that  of  the 
free  part  of  the  ripe  carpels,  which  that  author  descril)es  as  *'  apice  excavato;*'  in  all 
the  other  forms  notice<l  l)elow  these  crowns  are  acutely  3  to  4  angled,  with  acute  tips. 


"On  the  Castilloa  elasticaof  Cervantes,  and  some  allied  rubber-yielding  plants. 
Trans.  Linn.  Soc.,  London,  2d  ser.,  2:209. 
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The  reduce<l  figure  of  the  fruit  given  by  Cervantes  shows  the  character  of  is 
grooved  sides  and  rounded  angles  of  the  cari^els,  but  not  their  indented  tips.  « 

II.  The  Caucho,  or  Darien  plant.     Leaves  less  thickly  tomentose  beneath.     Fra 
ing  receptacles  2  to  3  inches  in  diameter;  crowns  of  the  ripe  tarjiels  proininei 
pyramidal,  acute,  m^utely  3  to  4-angled.     Seed  one-third  inch  in  diameter,  more 
less  immersed  in  the  free  crown  of  the  carpel. — Darien,  on  the  Chagres  and  G&t 
rivers. 

III.  Fruit  referred  to  Ule,  from  the  Belize  FiState  and  Produce  Company.  ¥m 
ing  receptacle  1  to  IJ  inches  in  diameter;  crowns  of  the  ripe  carpels  proniinei 
acute,  acutely  3  to  4-angled.  Seeds  one-fourth  inch  in  diameter,  more  or  less  i  mmers 
in  the  free  crown  of  the  carpel. — Honduras  and  Nicaragua.  This  appears  to  lie 
small-seeded  variety  of  the  Darien  species. 

IV.  Fruit  of  the  Tunu  or  gutta-percha  yielding  plant,  from  the  Belize  Estate  ai 
Produce  Company.  Fruiting  receptacles  2  to  2J  inches  in  diameter;  crowns  of  ri] 
carpels  very  low,  sul)acute,  acutely  3  to  4-angle<l.  Seeds  one-third  inch  in  diamet4 
immerseil  in  the  receptacle  far  below  the  crowns  of  the  carpels. — Si>ani.«h  Mont  Ian 

COSTA    RICAN   SPECIBS  OF  CASTILLA. 

According  to  Koschny,  four  species  of  Castilla  exist  in  the  foresi 
of  Costa  Rica,  three  of  which  yield  rubber,  while  the  gum  derive 
from  the  milk  of  the  fourth  is  not  elastic,  but  becomes  brittle  an 
resinous.  The  general  shape  of  the  trees  and  their  branches  and  leave 
are  said  to  be  the  same  in  all  four  kinds;  the  differences  enuinei*ate 
are  those  of  the  bark,  the  colors  of  whi(;h  give  the  names  to  the  thre 
rubber-producing  species. 

CaMilla  alha,  hule  bianco,  or  white  rubber,  has  a  smooth  bark  which  appears  re< 
dish  white  from  a  distance,  owing  to  the  presence  of  a  thin  white  li<;hen.  AVith  ag 
it  lx?conies  covered  with  coarser  lichens  and  mosses  and  very  difticult  to  distinguis 
from  other  forest  trees.  The  bark  and  bast  layer  are  thicker  and  softer  than  thoe 
of  the  other  species;  it  is  the  most  tenacious  of  life,  and  yields  the  most  rubbei 
The  milk  is  a  thick  fluid,  and  only  about  half  of  it  runs  down  unless  it  is  helped  b 
the  fingers;  the  rest  remains  in  the  cuts  and  dries  down  in  six  or  eight  days  unlrt 
washed  out  by  the  rain  while  still  fresh.  Thus  the  tree  does  not  easily  bleed  t 
death.  The  hule  bianco  is  never  found  in  the  denser  forests,  but  is  abundant  ii 
more  oi^en  places  where  the  leafy  crown  can  be  exposed  to  the  light  and  at  the  sam 
time  sufiicient  cover  remains  for  the  trunk.  It  is  the  only  species  suitetl  for  culti 
vation. 

CastiUa  nigra^  hule  negro,  or  blat'k  rublxir,  has  bark  which  is  very  rough  and  dark 
also  somewhat  thinner,  tougher,  and  more  fibrous  than  that  of  CastUUi  alba.  It  give 
considerable  milk,  but  thinner  and  more  fluid,  and  the  tree  often  bleeds  to  death 
On  account  of  this  greater  suscreptibility  to  injury  it  is  not  to  be  considered  for  culti 
vation.  This  species  appears  only  in  the  undisturlwd  forests  and  is  a  true  shadt 
species.  It  is  said  also  to  occur  with  the  other  si)ecie8,  but  is  much  less  abundant 
because  it  has  more  often  died  out. 

CaMilla  rubra j  hule  Colorado,  or  red  rubber,  has  a  bark  so  different  from  the  othen 
that  it  would  not  he  taken  for  a  rubber  tree  were  it  not  for  the  other  cliaracteristics. 
The  bark  is  distinctly  thinner  than  in  other  species  and  the  last  layer  is  inconspicuoua 

«The  range  of  the  typical  Castilla  elastica  is  given  as  Mexico  (south  of  21°),  Gua- 
temala, Salvador,  Honduras,  Nicaragua,  and  Costa  Rica,  and  the  tree  described  bj 
the  Danish  })otanist  liebman  as  a  distinct  spe<des,  Castilla  coistaricaruif  is  lield  to  b« 
the  same. 
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llong  the  channels  made  by  tapping  it  crumbles  or  easily  separates.  Externally  it 
8  smooth  and  has  a  reddish  shimmer,  e8i>ecially  on  the  branches  and  young  trees. 
[n  contrast  with  that  of  the  previous  species  it  does  not -become  fissureil  lengthwise, 
but  is  separated  into  transverse  bands  by  shallow  gr(x>vt»s.  The  bands,  m  turn,  are 
beset  with  small  reddish  warts  arranged  in  vertical  and  hori^sontal  rows.  Neverthe- 
Ins,  with  the  exception  of  the  warts,  the  surface  of  the  bark  is  (luite  smooth,  with- 
Kit  fissures  of  any  kind.  This  species  occurs  frequently  mixed  with  the  others, 
Hsoally  less  abundant  than  the  white,  but  sometimes  predominates.  It  may  be  that 
Siis  is  the  cause  of  the  poor  results  attaineil  in  the  experimental  gardens  of  Java  and 
Deylon,  and  that  these  were  the  more  unpromising  because  this  si)ecie8  requires  to 
be  shaded  more  than  the  white,  but  was  proba>>ly  planted  in  the  oi)en. 

("antUla  tanu,  or  hule  tanu,  is  also  called  **j?utta-|)ercha"  by  the  rubl)er  gatherers. 
Fhe  bark  is  grayer  but  otherwise  is  very  similar  to  that  of  the  white  Castilla,  with 
irhich  the  leaves  and  habits  also  agree.  The  si>ecies  is  to  be  distinguished  principally 
by  the  more  prominent  root  folds  or  buttresses  of  the  Ixase  of  the  trunk,  which  are 
listinctly  thinner  than  with  the  other  species;  the  upj)er  wlge  is  also  thinner  and 
jharper.  This  species  does  not  o(!cur  in  the  San  Carlos  Valley,  but  first  ap])ear8  in 
ttie  neighborhood  of  Bluefields  on  the  Moscjuito  coast.  On  the  Pacific  coast  it  is  in 
plac*es  very  common.  The  milk  flows  in  abundance,  but  becomes  hard  and  resinous 
>n  drying.  Although  of  no  use  as  an  elastic  rubber  it  is  fNjssible  that  it  might  be 
Adapted  to  some  purpose,  esi)ecially  after  the  separation  of  the  resinous  constituents. 

These  summaries  of  Koschny's  descriptions  include  all  the  distinctive 
points  mentioned  by  him  in  order  to  facilitate  the  further  study  of 
the  subject  and  also  to  make  plain  the  difficulty  which  the  planter 
nrould  have  in  securing  seed  of  the  right  kind,  since  the  seeds  of  the 
iifferent  species  are  said  by  Koschny  to  be  quite  indistinguishable. 

FIELD   NOTES   ON   CASTILLA   IN   GUATEMALA   AND   SOUTHERN    MEXICO. 

Castilla  probably  grows  wild  in  all  the  tropical  forests  of  Guatemala, 
with  the  exception  of  those  which  are  too  wet.  It  is  also  found  at 
considerable  elevations,  but  the  yield  of  rubber  falls  off  as  the  altitude 
increases.  In  the  Coban  district  of  Alta  Vera  Paz  there  have  been 
several  experiments  in  rubber  planting,  but  the  altitudes  are  probably 
too  great,  and  the  coffee  districts  too  continuously  humid  for  good 
results;  consequently  rubber  culture  is  now  attracting  little  attention. 

In  the  coast  belt  and  the  valleys  of  the  Polochic  and  Motagua  rivers 
several  rubber-planting  enterprises  have  been  undertaken  and  aban- 
doned. Only  scrap  rubber  is  obtained  from  either  wild  or  cultivated 
trees.  Either  the  milk  is  not  produced  in  the  same  abundance  or  it  is 
not  held  in  the  tree  under  the  same  pressure  as  in  the  rubber  trees 
inspected  later  on  the  Pacific  side  of  southern  Mexico.  It  may  be 
that  two  varieties  of  the  trees  differ  in  this  respect  as  well  as  in  the 
scales  of  the  male  flowers,  as  described  above. 

According  to  Hon.  James  C.  McNally,  consul-general  of  Guatemala, 
the  productive  rubber  districts  of  Guatemala  lie  in  the  region  about 
La  Gomera,  on  the  Pacific  side  near  the  coast.  The  low  grade  of  the 
Guatemalan  rubber  as  it  comes  to  the  market  is  explained  by  the  fact 
that  a  very  large  proportion  of  it  is  stolen  by  professional  rubber 
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thieves  who  let  the  milk  run  down  into  a  hole  which  they  dig  in  the 
ground,  thus  allowing  it  to  take  up  earth,  stones,  rotten  wood,  dead 
leaves,  and  other  impurities.  The  planting  of  rubl)er  trees  as  a  regu- 
lar industry  is  just  beginning,  but  plans  are  being  made  for  several 
large  estates.  Trees  are  said  to  have  grown  21  feet  in  two  years,  and 
one  tree  (age  unknown)  is  said  to  have  produced  6  pounds  of  rubber. 
It  is  believed  in  this  part  of  Guatemala  that  young  trees  do  better  when 
planted  in  the  shade.  The  dry  season  in  the  Pacific  coast  districts  is 
long  and  rather  severe. 

About  Panzos  and  elsewhere  in  eastern  Guatemala,  Castilla  had  only 
begun  to  blossom  at  the  time  of  our  visit  (April  4),  but  about  two 
weeks  later  (April  20),  on  the  way  down  from  Guatemala  Citj-  to 
the  tropical  belt  of  the  west  coast,  the  fruit  of  Castilla  was  found  to 
be  already  ripe.  The  first  trees  were  seen  along  the  railroad  l3elow 
Escuintia,  and  others  were  found  at  San  Jos^.  This  would  seem  to 
indicate  a  much  earlier  season  for  rubber  on  the  west  side.  Perhaps 
Castilla  ))egins  to  form  itis  blossoms  at  the  ooeiiing  of  the  dry  season, 
which  comes  earlier  on  the  Pacific  side. 

A  few  miles  below  Escuintia  is  a  small  orchard  of  rubber  trees 
which  must  be  at  least  ten  or  twelve  years  old.  They  had  been  tapped, 
but  not  extensively,  and  the  experiment  had  apparently  not  been 
deemed  promising  enough  to  call  for  extension.  A  few  Castilla  trees 
were  seen  along  the  railroad  between  Ocos  and  Ayutla,  and  they 
became  more  frequent  after  crossing  the' Mexican  border  on  the  road 
between  the  last-named  town  and  Tapachula.  In  the  vicinit}^  of  Tap- 
achula  and  again  between  Tapachula  and  La  Zacualpa  wild  Castilla  is 
very  frequent  in  favorable  situations  in  all  uncleared  tracts.  In  the 
forests  about  La  Zacualpa,  Castilla  is  a  very  common  tree. 

Along  the  road  between  Tapachula  and  the  port  of  San  Benito  many 
Castilla  trees  have  been  planted,  and  in  one  place  there  is  quite  a  long 
avenue,  the  rubber  trees  standing  in  a  hedge  of  sour  orange.  These 
trees,  although  large  and  vigorous,  arc  said  to  yield  little  or  no  rub- 
ber. The  local  explanation  is  that  the  soil  of  this  neighborhood  is  a 
sort  of  hardpan  not  suited  to  rubber  production. 

Wild  trees  of  Castilla  were  occasionally  seen  in  the  rather  open  for- 
ests near  the  coast,  about  San  Benito,  where  palms  of  the  genera 
Inodes  and  Attalea  are  also  abundant.  The  rubber  trees  were  small 
and  rather  spindling.  One  tree  4  inches  in  diameter  "bled"  freely 
when  cut  wdth  a  pocketknife.  There  had  been  rain  the  previous 
night.  This  coast  region  may  have  been  originally  forested  with 
dense  tropical  growth,  but  this  is  probably  not  the  case  with  the 
Inodes  and  Attalea  districts.  Some  desert  plants,  such  as  wild  cres- 
centias,  are  found  in  the  open  places,  but  the  woods  are  often  thick. 
The  land  is  very  level,  the  upper  layers  probably  washed  down  from 
the  interior  mountains  and  deposited  on  the  beach  sand. 
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No  wild  rubber  was  seen  on  the  Isthmus  of  Tehuantepec  Ixjtween 
Juile  and  San  Juan  Evangellsta.  The  vegeUition  here  indicates  a 
climate  dryer  than  that  in  the  vicinity  of  Tapaehula.  The  some- 
wtiat  more  hardy  plants  of  the  rubber  belt,  Cecropia,  Cochlospermum, 
Attalea,  etc.,  arc  present,  but  the  new  elements  are  of  the  .small-leaved 
desert  or  dry -climate  types,  with  none  of  the  humid  tropical  proclivi- 
ties of  the  Tapachula  region.  The  forest  growth  is  also  nmch  s^maller 
and  the  woods  are  more  open. 

Two  small  trees  of  Castilla  were  seen  midway  l>etween  San  Juan 
Evangelista  and  San  Miguel,  on  the  new  bi-anch  of  the  Vera  Cruz 
and  Pacific  railroad.  They  were  closely  similar  to  the  Pacific  coast 
sort,  but  appeared  rather  unusuall}'  well  fruited  for  young  trees,  and 
the  individual  ripe  fruits  seemed  exceptionally  large.  The  trees  were 
slender,  4r  or  5  inches  in  diameter,  and  had  not  been  tapped.  The 
country  between  the  two  points  mentioned  becomes  more  and  more 
open:  grazing  is  the  only  industry.  There  are  occasional  Attalea  palms 
in  the  moister  sj)ots  along  streams,  butAcrocomia  is  the  only  common 
palm.  Acrocomia  may  be  taken  as  a  good  counter-indication  of  wild 
Castilla,  which  seems  to  flourish  only  where  there  is  more  moisture 
and  a  vegetation  more  luxuriant  than  Acrocomia  can  compete  with. 

Both  to  the  south  and  to  the  north  of  Perez  station  laibber  trees  grow 
wild,  though  they  occur  but  sparingly',  and  all  are  of  very  small  size 
compared  with  those  of  Soconusco,  in  keeping  with  the  general  reduc- 
tion of  the  size  and  (quantity  of  the  forest  growth,  due  proba>)ly  to 
inferior  soil  and  drier  climate. 

In  one  instance  a  large  number  of  trees  was  seen  in  a  small  clump 
or  thicket  only  an  acre  or  two  in  area,  but  notwithstanding  the  almost 
complete  exposure  of  man}'  of  the  trees  they  were  still  of  very  slender 
babit.     When  young,  however,  they  doubtless  had  undergrowth  to 
contend  with,  but  had  been  able  to  get  well  above  this,  owing  to  their 
greater  vigor.     There  is  no  indication  that  rubber  trees  were  ever 
abundant  in  the  region  about  Perez.     This  view  is  also  support(»d  by 
the  fact  that  the  existing  trees  have  not  been  killed  or  dwarfed  by 
tapping,  as  in  regions  where  the  trees  are  suflSciently  large  and  numer- 
ous to  make  rubber  gathering  profitable.     That  Castilla  would  grow, 
if  planted,  in  the  open  grass  land  about  Perez  is  very  probable,  but 
that  it  would  thrive  is  not  so  likely,  owing  to  the  absence  of  the  rich 
soil  in  which  it  prefers  to  grow,  as  seen  in  the  more  southern  districts. 
The  oldest  planted  rubber  trees  in  the  Cordoba  district  of  Mexico 
ft^e  said  to  be  near  Tierra  Blanca.     Thev  are  about  9  vears  old,  and 
were  to  have  been  tapped  experimentall}-  in  June,  1902.     Sir  Wetman 
Pearson,  the  English  builder  of  railroads  and  harbors  on  the  Isthmus 
of  Tehuantepec,  also  has  a  plantation  of  al>out  100,000  trees  of  simi- 
lar age. 

The  reported  pennanent  moisture  of  the  rubber  district  of  the  Isth- 
^JU-s  of  Tehuantepec  is  counter- indicated  by  the  fact  that  the  rubber 
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trees  uniformly  drop  their  leaves  very  completely,  both  young  aod 
old,  in  the  nurseries,  as  well  as  in  the  plantations.  Man}^  other  of 
the  native  trees  also  drop  their  leaves  in  the  dry  season. 

It  was  learned  that  there  is  a  so-called  huh  joacho  in  the  vicinity  of 
Trinidad  and  Buena  Vista.  It  is  recognized  as  having  a  fruit  of  a 
diflferent  shape  from  that  of  the  true  rubber  tree,  but  it  is  generally 
thought  to  be  the  same.  Seedlings  of  hule  inaclw  appear  in  plantations 
sown  from  seeds  of  wild  trees  collected  in  the  neighl)orhood,  which 
may  obviously  have  come  from  wild  Kule  rnachty^  though  it  is  conunonly 
believed  that  they  are  the  male  sex  of  the  rubber  tree. 

All  the  wild  Castilla  trees  seen  in  the  forests  of  Guatemala  and 
southern  Mexico  might  be  described  as  of  medium  leather  than  of  large 
size  and  of  slender  habit.     The  largest  was  near  Tapachula  (Plate  IX), 
with  an  estimated  height  of  80  feet  and  a  circumference  of  7  feet  at  5. 
feet  from  the  ground.     There  can  be  no  doubt  that  in  some  of  the  drier 
districts  of  the  Isthmus  of  Tehuantepec  and  northward  Castilla  shares 
the  reduced  size  and  somewhat  stunted  growth  of  the  tropical  vegeta- 
tion, which  is  here  approaching  the  limit  of  its  natural  range.     On  the 
other  hand,  it  can  scarcelv  be  doubted  that  in  the  more  southern  of  the 
Central  American  Republics  trees  of  Castilla  attain  a  size  unknown  in 
Mexico.     Thus,  in  Nicaragua,  Belt  speaks  of  trees  5  feet  in  diameter 
which  yield  as  high  as  50  pounds  of  rubber  when  tapped  for  the  first 
time.     Such  a  tree  would  of  course  be  a  veritable  prize  for  the  nibber 
gatherer,  and  it  is  easy  to  understand  that  in* most  localities  thej^  have 
all  been  destroyed,  and  with  little  prospect  of  being  replaced  as  long 
as  the  rubber  gatherer  remains  vigilant  and  the  forests  are  unprotected. 
Whether  the  Castilla  of  Nicaragua  and  Costa  Rica  is  the  same  species 
as  that  of  Mexico  is  not  yet  known,  but  there  is  every  probability  that 
differences  of  some  kind  exist,  and  these  are  quite  as  likeh'  to  be  differ- 
ences of  yield  or  of  quality  of  rubber  as  discrepancie.s  in  shape  of 
leaves  or  other  mereh'  '' Iwtanical"  characters.     As  soon  as  planters 
realize  that  a  paying  quantity  of  rubber  is  not,  as  so  many  have  sup- 
posed, a  necessary  part  of  the  economy  of  a  tree  they  will  better  ap- 
preciate the  fact  that  the  production  of  rubber  is  a  cultui*al  problem 
as  truly  as  the  production  of  coffee  or  sugar  and  as  dependent  upon 
the  same  general  factors.     The  conditions  must  be  suitable  for  the 
plants  and  the  plants  suitable  for  the  conditions.     No  plant  variety 
will  do  equall}'  well  under  all  conditions,  and  it  is  almost  as  univers- 
ally true  that  no  two  varieties  will  do  equally  well  under  the  same 
conditions. 

HABITS   OF   CASTILIA   IN   THE   WILD   STATE. 

There  is  a  popular  impression  that  in  order  to  domesticate  a  plant  it 
is  necessary  to  place  it  under  the  same  conditions  as  in  the  wild  state, 
but  as  a  matter  of  fact  our  cultivated  plants  generally  have  much  better 
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conditions  than  their  wild  relatives.  It  is  easy,  however,  to  overlook 
some  essential  requirement  of  a  new  culture,  and  it  is  a  distinct  advan- 
ts^  to  understand  as  thoroughly  as  possible  the  habits  of  a  wild  plant 
which  it  is  desired  to  domesticate.  The  tamarack  and  the  cypress,  for 
example,  are  in  nature  confined  to  swamps,  but  they  grow  as  well  or 
better  when  planted  on  dry  ground.  The  diflSculty  is  that  without 
human  assistance  they  are  unable  to  establish  themselves  on  dry  ground. 
Similarly,  it  has  been  inferred  regarding  Castilla  that  it  is  a  shade- 
loving  plant  because  it  is  found  wild  only  in  the  forest.  It  is  known, 
however,  that  it  is  thus  limited  in  nature  because  the  seed  is  so  thin- 
skinned  and  short-lived  that  there  is  no  possibility  of  its  surviving 
exposure  to  the  open  sun  on  dry  ground,  and  it  is  abundantly  proved 
that  young  trees  planted. by  man  in  the  open  are  able  not  only  to  resist 
exiwsure  to  the  sun,  but  that  they  actually  thrive  better  than  those 
planted  by  natural  agencies  in  the  forest.  This  fact  should  be  sufficient, 
for  the  purposes  of  practical  agriculture,  unless  there  are  reasons  for 
believing  that  more  rubber  can  be  produced  in  the  forest.  This  is 
sometimes  argued  on  the  ground  that  Castilla  is  a  native  of  dense 
forests  and  can  not  be  expected  to  yield  as  much  rubber  under  other 
conditions.  If,  however,  it  is  true  that  Castilla,  or  at  least  Castilla" 
doHtica^  is  not  a  forest  tree  in  any  extreme  sense  of  the  words  other 
reasons  will  be  needed  to  justify  shade  planting. 

THE  RUBBER  TREE  AND  THE  TRUMPET  TREE. 

Castilla  is  a  relative  of  the  trumpet  tree  (Cecropia)  and  has  a  similar 
place  in  the  general  economy  of  nature.  Cecropia  is  widely  distrib- 
uted in  the  Tropics,  but  is  not  looked  upon  as  a  true  forest  tree.  It  is 
what  might  be  termed  a  tree  weed.  It  shoots  up  with  great  rapidity, 
and  is  able  for  a  time  to  keep  ahead  of  the  other  vegetation  which  in 
most  tropical  countries  promptly  takes  possession  of  land  neglected 
after  cultivation.  Cecropia  is  thus  one  of  many  plants  which  have 
received  indirect  advantage  from  man's  agricultural  operations,  and 
it  is  seldom  found  in  great  abundance  except  where  larger  growth 
has  been  cleared  away.  In  the  undisturbed  forest  it  can  not  withstand 
the  competition  of  the  long-lived  hard-wood  trees  and  is  found  but 
sparingly,  being  limited  to  openings  made  by  fallen  timber,  forest 
fires,  changes  of  river  channels,  and  other  accidents  which  give  it  an 
opportunity  for  growth.  The  same  appears  to  be  even  more  true  of 
Castilla.  Scattering  trees  are  probably  to  be  found  at  greater  or 
smaller  intervals  throughout  the  forests  of  low  elevations,  but  there 
seem  to  be  no  indications  that  they  exist  in  numbers  except  in  forests 
of  rather  open  growth,  such  as  those  which  produce  also  the  large 
palms  of  the  genus  Attalea,  and  which  there  is  re^ason  to  believe  do 
not  represent  a  truly  primeval  condition  or  one  of  complete  foresta- 
tion,  though  the  last  clearing  may  have  taken  place  centuries  ago. 
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CASTILLA   NOT  A   GENUINE   FOREST  TREE. 

The  native  population  of  the  Central  American  region  is  commonly 
supposed  to  have  been  much  more  numerous  previous  to  the  Spjinish 
conquest,  and  the  numerous  and  widely  distributed  ruins  prove  the 
former  existence  of  relatively  civilized  communities  in  localities  which 
even  in  the  time  of  Cortez  were  apparently  forgotten  and  overgrown 
with  forests  as  they  are  to-day.  But  notwithstanding  the  former 
civilization  of  these  regions,  there  seems  not  to  have  lieen  found 
anywhere  in  Central  America  an  indication  of  permanent  agriculture, 
such  as  terraces,  walls,  or  irrigating  ditches.  The  agriculture  of  the 
ancient  Indians  was  probably  like  that  of  the  modern,  in  that  each 
head  of  a  family  cut  down  and  burned  each  year  a  new  piece  of  forest 
to  plant  his  farm  or"milpa."  Where  the  population  is  large  and 
old  forest  is  no  longer  accessible  the  second  and  successive  growtij? 
are  cut  at  intervals  of  a  few  years  until  the  tropical  rains  have  washed 
awav  all  the  fertile  surface  soil  and  the  district  becomes,  for  the  time, 
a  desert,  and  is  abandoned  by  its  human  inhabitants.  Such  deserted 
country  is  covered  first  by  a  coarse  grass  and  then  by  a  scattering 
^growth  of  pines,  which  are  in  turn  crowded  out  by  an  invasion  of 
tropical  forest  vegetation,  at  first  in  the  more  sheltered  and  humid 
ravines  and  valleys  and  then  over  the  whole  area.  At  low  elevations 
the  trumpet  tree  and  Castilla  form  a  part  of  the  vanguard  of  the  new 
growth,  and  the  Attalea  palm  is  its  most  striking  species.  But  it  is 
only  a  question  of  enough  time  for  these  and  their  accompanying 
species  to  be  overcome  and  well-nigh  exterminated  Iw  what  may  be 
termed  the  permanent  forest. 

When  one  sees  the  Indians  of  to-day  clearing,  burning,  and  planting 
precipitous  and  scarcely  accessible  cliffs  it  becomes  eas}^  to  believe 
that  little  fertile  land  in  Central  America,  if  any,  is  occupied  by  truly 
primeval  forest,  and  easy  also  to  understand  that  the  abundance  and 
wide  distribution  of  Castilla  may  depend  upon  human  activit}'^  even 
more  than  upon  natural  agencies.  Arguments  based  upon  the  assump- 
tion that  Castilla  is  a  genuine  forest  tree  may  accordingh'  be  dis- 
missed as  of  little  agricultural  significance. 

Mr.  O.  H.  Harrison,  manager  of  the  rubber  estate  at  La  Zacualpa, 
was  much  interested  in  this  view  of  the  place  of  Castilla  in  nature, 
because  he  had  already  noticed  that  clusters  of  wild  Castilla  are  met 
with  in  the  forest  only  where  some  natural  or  artificial  clearing  had 
been  made.  Moreover,  an  examination  of  the  literature  of  rubber 
shows  that  the  facts  are  not  new,  though  their  significance  has  been 
concealed  by  the  explanation  which  accompanies  the  following  original 
account  of  the  details  learned  from  the  rubber  gatherers  of  Nicaragua: 

The  trees  prefer  hiinnd  and  warm  soils,  but  not  marsliy,  clayey,  or  gravelly  ground, 
and  the  presence  of  these  trees  is  looked  upon  as  an  indication  of  a  fertile  soil.  It  is 
not  distributed  irregularly  through  the  forests,  but  sometimes  in  little  groups,  more 
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or  le«?  isolated,  rach  a  group  being  terme<l  a  mancha  (spot).  This  grouping  is  the 
Dormal  state,  and  is  believed  to  be  causeil  by  monkeys  dropping  the  seeds  near  an 
tpolated  tree,  as  they  are  very  fond  of  the  pulp  by  which  the  seeils  are  surrounded. 
The  trees  are  distributed  in  vetas  (veins)  or  bands,  either  in  a  north-to-south  oreast- 
to-west  direction,  the  first  probably  caused  by  monkeys,  by  the  trees  Inking  on  a  de<;liv- 
ity,  or  by  water,  and  the  second  by  the  wind,  which  daily  blows  in  that  direction. 
This  irregular  distribution  has  led  M.  I^evy  to  the  opinion  that  in  cultivation  they 
should  be  interspersed  between  other  trees  rather  than  fonn  separate  plantations,  as 
he  thinks  that  this  sympathetic  and  antipathetic  tendency  should  not  be  lost  sight 
of.  The  hule  is  often  near  water  courses,  and  nearly  always  on  the  banks.  Trees  of 
eniall  groups  give  a  better  net  produce  than  those  composing  large  groups. « 

From  the  scientific  standpoint  these  explanations  appear  quite  inade- 
quate^ since  the  causes  which  they  suggest  are  those  which  are  in  con- 
tinuous operation,  and  if  effective  in  spreading  Castilla  at  the  expense 
of  other  forest  trees  would  have  given  it  a  general  preponderance  long 
since.  All  the  facts  are,  however,  comprehensible  on  the  supposition 
that  the  growth  of  Castilla  depends  upon  opportunities  which  are  rela- 
tively infrequent  in  undisturbed  forests,  as  compared  with  regions 
inhabited  by  the  Indians  and  subject  to  their  primitive  agriculture. 

IMPBOVEMEKT  OF  BT7BBEB  TREES  BT  SELECTION. 

Instead  of  being  able  to  dispense  with  agricultural  knowledge,  skill, 
and  caution,  the  rubber  planter  needs  an  extra  supply  of  these,  since, 
without  the   advantage   of   adequate   experience,   he  has  the   added 
responsibility  of  choosing  favorable  natural  conditions,  applying  cor- 
rect cultural  methods,  and  securing  the  plantjs  most  suitable  for  the 
circumstances  under  which  he  must  operate.     That  American  planters 
have  given  their  attention  so  exclusively  to  Castilla,  and  those  of  the 
East  Indies  to  Hevea,  is  not  the  result  of  any  demonstration  of  the 
cultural  superiority  of  the  one  tree  or  the  other,  and  the  desirability 
of  many  other  species  reported  as  promising  remains  to  be  determined. 
It  is  entirely  possible  that  no  one  species  will  be  found  to  have  a  supe- 
rior value  under  all  conditions  and  be  planted  to  the  exclusion  of  all 
others.     Rubber,  like  starch,  is  produced  in  nature  under  varied  con- 
ditions, ranging  between  deserts  and  swamps.     The  number  of  culti- 
vated rubber  plants  will  probably  never  equal  that  of  the  starch}^ 
cereals  and  root  crops;  but  there  is  the  same  practical  reason  why  the 
cultural  requirements,  hardiness,  vigor,  and   productiveness  of  the 
!  different  rubber  plants  should  be  considered,  and  not  merely  those  of 
the  distinct  genera  and  species,  but  those  also  of  the  differing  varie- 
ties or  I'aces  into  which  each  si)ecies  will  be  found  divisible  by  cultural 
election. 

It  has  been  found  possible  with  many  plants  to  increase  the  average 
percentage  of  starch,  sugar,  or  oil  through  the  planting  of  selected 
8cpd  or  cuttings,  and  there  is  every  probability  that  the  same  will  be 

[  a  Collins,  Report  on  Caoutchouc,  pp.  14  and  15. 
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true  of  rubber.  In  fact,  the  great  variation  in  the  amount  of  rubber 
both  in  wild  and  in  cultivated  trees  is  itself  an  indication  that  a  ready 
response  to  selection  may  be  expected.  The  selective  improvement  of 
trees  propagated  from  seed  is,  however,  a  very  slow  process,  owing  to 
the  time  required  to  bring  the  generations  to  seed-bearing  maturity. 
With  Castilla  much  more  prompt  results  could  be  obtained  by  the  use 
of  cuttings  made,  of  course,  from  true  or  permanent  branches.  It 
would  be  excellent  policy  on  the  part  of  planters  to  set  as  large  a  part 
of  their  plantations  as  possible  with  cuttings  from  their  most  pro- 
ductive trees,  and  to  watch  for  the  best  "milkers"  in  each  generation, 
just  as  the  sugar  growers  test  the  sugar  content  of  individual  canes 
and  of  individual  beets  which  are  to  be  used  for  propagation.  The 
selective  improvement  of  rubber  plants  may  be  pushed  forward  with- 
out waiting  to  find  out  what  the  function  of  rubl)er  is  or  what  deter- 
mines its  formation  in  the  plant,  since  all  that  the  planter  needs  to 
know  is  that  rubber  is  present  in  more  than  average  quantity  in  t*er- 
tain  of  his  trees,  and  he  may  expect  that  by  propagating  from  these 
under  the  same  conditions  a  higher  average  of  production  may  be 
secured. 


FBOBUBMS  FBESEKTED  BY  THE  LiATEX,  OB  <«MIIiK. 


» 


Of  what  use  is  the  rubber  milk  to  the  trees,  or  why  do  the  trees 
make  rubber?  These  are  the  questions  which  seem  to  underlie  the 
scientific  investigation  of  the  cultural  production  of  rubter.  At  first 
it  was  taken  for  granted  that  the  elaboration  of  rubber  is  the  special 
function  of  the  rubber  tree,  an  idea  apparently  indorsed  by  some  of 
the  tree-planting  companies  in  such  statements  as  the  following: 

You  can  no  more  jjrow  a  rubber  tree  without  the  rubber  milk  in  it  than  you  caa 
grow  a  sugar-maple  tree  without  the  sugar  sap  in  it.  The  growing  of  rubber  trees  in 
their  own  soil  and  climate  is  just  as  practical,  just  as  safe,  and  just  as  sure  as  gatbei^ 
ing  elm  seed  and  growing  elm  trees  therefrom. 

Rubber  is  not,  however,  the  fruit  of  the  rubber  tree,  except  in  the 
financial  and  commercial  sense,  and  even  the  slightest  experience  in 
agriculture  should  have  prevented  the  inference  that  because  a  plant 
thrives  when  3'oung  it  is  certain  to  reach  a  productive  maturity. 
Many  of  the  early  experimenters  in  rubl)er  culture  have  found  to 
their  cost  that  the  Central  American  rubber  tree,  at  least,  can  grow 
with  the  most  promising  vigor  and  yet  fail  to  deliver  any  approxima- 
tion of  the  estimated  quantities  of  gum.  Indeed,  this  fact  might  have 
been  learned  with  vastly  less  expense  of  time  and  money  by  consult- 
ing the  native  rublwr  gatherers,  who  are  thoroughly  aware  that  many 
*'ule"  trees  give  no  return  for  tapping.  The  realization  of  this  sim- 
ple and  fundamentally  important  fact  has  been  delayed  through  exist- 
ence in  some  of  the  Central  American  rubber  districts  of  a  second 
species  of  Castilla,"  called  by  the  natives  "ule  macho,"  or  ''male 
rubber,"  because  it  gives  little  or  no  milk. 
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Possibly  owing  to  the  suggestion  of  the  obvioush'  distinct  sexes  of 
the  tropical  papaw,  or  melon  tree,  the  idea  of  sexuality  in  plants  is 
widely  prevalent  among  the  aborigines  of  tropical  America  and  their 
Spanish-speaking  descendants^  who  thus  have  in  the  word  *' macho"  a 
ready  explanation  of  unproductiveness. 

Perhaps  it  has  never  o<*curred  to  any  of  the  native  rubber  gatherers 
to  insist  that  the  white  man  should  understand  the  differt»nce  between 
the  ''w//^  macluf^^  which  is  a  distinct  species  {Cant ilia  tujiu)^  and  the 
*'t^«"  termed  '"///^Wi/y/'  l)ecause  it  does  not  yield  milk,  though  not  in 
other  rcvspects  different  from  the  productive  trees.  Again  has  a  little 
learning  proved  dangerous,  in  that  the  existence  of  a  sterile  species 
of  Castilla  has  served  as  a  general  explanation  of  differing  yields  of 
rubber,  the  true  causes  of  which  still  remain  to  be  discovered. 

That  varietal  and  individual  differences  of  vield  will  be  found  inside 
the  genuine  rubber-producing  species  is,  of  course,  to  be  expected, 
but  there  iy  also  every  probability  that  conditions,  whether  natural  or 
artificial,  may  have  a  profound  influence  on  the  all-important  feature 
of  rubber  production,  so  that  we  are  brought  again  to  our  original 
question  of  causes  determining  the  formation  of  rubber. 

EVOLUTIONARY   ARGUMENTS   RECJARDING    LATEX. 

Some  have  insisted  that  the  solution  of  the  problem  lies  in  discover- 
ing the  use  of  the  rubber  to  the  tree,  on  the  ground   that  natural 
selection  brings  into  existence  only  useful  chamcteristics.     This  theory 
has  encouraged  speculation,  and  numerous  attempts  have  been  made 
to  frame  a  general  explanation  of  the  function  of  latex,  or  milk}'  juice 
in  plants.     Such,  however,  is  the  diversity  both  of  the  tliousands  of 
latex-producing  plants  and  of  the  substances  which  the  various  kinds 
of  milk  contain,  that  any  explanation  sufficiently  general  to  accommo- 
date all  might  have  little  practical  bearing  on  rubber  culture.     Indeed, 
there  is  no  assurance  of  unity  of  causes  and  methods  of  formation  of 
milk  in  the  several  hundred  species  of   rubber-producing  plants  of 
diverse  families  and  conditions  of  growth,  and  we  can  even  go  farther 
and  say  that  Castilla  itself  demonstrates  that  the  production  of  milk 
and  of  rubber  may  be  of  no  very  serious  importance  in  the  plant 
economy,  since  apparently  normal  growth  and  reproduction  are  accom- 
plished w^ith  little  or  no  rubV>er.     Furthermore,  we  have  no  assurance 
that  the  discovery  of  the  function  of  the  latex  would  !)ear  directly 
upon  the  question  of  rubber  production,  since  it  does  not  appear  that 
the  mechanical  qualities  which  we  value  in  rubber,  nottibly  its  elas- 
ticity and  toughness,  are  of  use  to  the  tree  or  that  tliey  exist  in  the 
living  latex.     Commercial  rub})er  is  certainlv  a  verv  different  sub- 
stance  from  the  creamy  mass  which  first  appears  when  coagulation 
sets  in,  and  numerous  changes  mav  have  taken  place  before  even  this 
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stage  is  reached.  Between  the  vegetable  and  animal  milk  no  complete 
analogy  can  be  maintained,  but  it  serves  to  illustrate  the  present  point 
if  we  think  of  the  rubber  not  as  the  curd  which  coagulates  from  the 
milk,  but  Jis  the  butter  which  may  be  separated  both  from  the  curd 
and  from  the  still  more  waterv  constituents  of  the  milk.  As  the 
churned  butter  is  different,  both  mechanically  and  otherwise,  from  the 
fat  globules  floating  in  the  milk,  so  does  rubber  differ,  and  probably 
to  an  even  greater  extent,  from  the  semifluid  globules  of  the  latex 
emulsion.  Rubber,  as  such,  has  no  function  in  the  plant,  and  there  is 
nothing  to  indicate  that  the  qualities  which  make  it  valuable  to  us  are 
of  any  significance  in  the  vegetable  economy.  Furthermore,  it 
appears  that  at  different  stages  of  the  Castilla  tree,  and  even  in  differ- 
ent parts  of  the  same  tree,  the  substance  which  becomes  rubber  may 
be  replaced  by  another,  which  hardens  with  exposure  into  a  worthless, 
nonelastic  resin;  indeed,  resin  and  not  rubber  is  a  constituent  of  the 
latex  of  the  numerous  relatives  of  the  rubber-producing  trees.**  It 
appears,  then,  that  to  ti'ace  any  direct  connection  between  rubber  and 
the  economy  of  the  tree  is  likely  to  be  very  difficult,  if  not  quite 
impossible,  and  in  general  reasoning  on  the  subject  the  inquirer  must 
be  content  to  learn,  if  possible,  the  causes  w-hich  influence  the  quality 
and  quantity  of  latex  in  trees  known  to  produce  rubber. 

FUNCTIONS   ASCRIBED   TO   LATEX. 

The  nature  and  functions  of  latex  in  plants  are  difficult  problems. 
Many  dissertations  have  been  contributed  to  swell  the  experimental 
and  controversial  litei'ature  of  the  subject.  Man}'  interesting  details 
have  been  discovered  regarding  many  lactiferous  plants,  and  many 
suggestions  and  theories  have  been  contributed  to  the  subject  of  plant 
physiology,  but  thus  far  no  very  practical  result  seems  to  have  been 
reached  in  this  direction.  Indeed,  progress  may  have  been  impeded 
by  the  idea  that  it  is  necessary  to  postpone  the  investigation  of  con- 
crete problems  of  rubber  production  until  a  general  theory  of  the 
function  of  latex  or  milky  juice  in  plants  can  be  formed.  Very  differ- 
ent suggestions  regarding  the  uses  of  latex  have  been  defended  by 
different  investigators  on  the  basis  of  studies  of  different  plants.  The 
first  observer  compared  them  to  the  blood  of  animals  and  described 
the  globules  of  gum  as  corpuscles,  a  highly  fanciful  notion  which  later 
writers  have  so  zealousl}"  disavowed  that  they  have  felt  it  necessary  to 
deny  any  circulation  at  all.  Some  have  held  that  the  milk  tubes  are 
reservoirs  for  the  storage  of  elaborated  food  materials,  while  others 

0  In  the  State  of  Vera  Cruz,  Mexico,  grows  a  large-leaved  species  of  Ficus,  the  milk 
of  which  coagulates  promptly  into  an  elastic  substance  like  true  rubl>er,  but  the 
elasticity  soon  disappears  when  the  gum  is  exposed  to  the  air  and  repeatedly  stretched 
betwe<>n  the  fingers. 
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believe  that  latex  is  an  excretory  or  waste  product,  even  to  the  proteids, 
starch,  and  sugar  with  which  the  milky  fluid  is  commonly  charged. 
Protection  against  insects  and  snails  has  also  lx*en  urged  as  the  function 
of  latex.  One  of  the  most  recent  writers  on  the  subject^  reviews  and 
dismisses  all  the  previous  suggestions  apparently  for  the  reason  that 
none  is  of  general  validity  and,  after  detailing  numerous  observations 
of  his  own,  comes  to  the  following  disappointing  conclusion: 

It  seems  impossible  to  discover  what  in  their  function  or  to  ascertain  if  there  is 
one  function  common  to  all  laticiferous  tubes  until  microchemical  methods  are 
vastly  impnjved  or  until  analyses  of  latex  in  its  various  stages  are  made. 

Obviously,  however,  there  is  no  reason  why  it  nmst  be  believed 
that  all  the  functions  of  all  milk  tubes  are  the  same,  or  why  one  function 
should  exclude  another.  That  insects,  such  as  leaf-cutting  ants, 
should  not  be  able  to  attack  rubl)er  trees  because  the  gum  would  dis- 
able their  mouth  parts  might  be  an  important  advantjige  in  Central 
America,  but  would  not  explain  rubber  in  African  plants  not  subject 
to  the  depredations  of  these  insects.  The  most  that  can  be  done  is  to 
learn  the  uses  of  latex  in  one  plant  at  a  time,  without  anxiety  as 
to  whether  or  not  a  general  function  for  latex  in  all  plants  will  be 
discovered. 

THE   STRUCTURE   OF  LATEX. 

All  the  foregoing  suggestions  and  many  others  seem  to  have  been 
made  before  it  occurred  to  anybody  to  treat  the  simple  but  f unda- 
amental  question  of  how  the  rubber  is  formed  in  the  milk-bearing 
tubes.  But  there  is  one  author  at  last  who  has  appreciated  this  point 
and  who  has  discovered  by  a  close  microscopical  examination  of  the 
rubber  globules  that  each  is  surrounded  by  a  thin  coating  of  proto- 
plasm, with  a  small  nucleus  on  one  side.^  This  means  that  the  globules 
of  rubber  are  produced  in  the  same  manner  as  globules  of  fat  and 
resin,  and  like  the  granules  of  starch  and  the  crystals  of  lime,  oxalic 
acid,  and  other  substances  which  are  laid  down  by  the  protoplasm  of 
plant  cells.  If  the  rubber  appeared  in  the  tubes  merely  by  chemical 
action  or  because  the  constituent  elements  were  brought  together, 
this  would  be  an  indication  fav^orable  to  the  synthetic  production  of 
rubber  in  the  chemical  laboratory,  and  it  would  mean  also  that  the 
milk  is,  if  not  a  solution  of  rubber,  at  least  a  solution  of  the  constitu- 
ents of  rubber. 

There  are,  however,  no  observations  to  indicate  that  rubber  exists 
in  plants  except  in  the  form  of  minute  globules,  so  that  the  milk  resem- 
bles that  of  the  cow  in  being  an  emulsion.     The  globules  are  not, 

«  Percy  Groom  on  the  Fun(*ti(>n  of  laticiferous  Tulx^s,  Annals  of  Botany,  3:  157, 
1889. 

^Studien  lil^er  den  Milchsaft  uud  Schleimsaft  der  Pflanzen,  von  Prof.  Dr.  Hans 
Molisch.    Jena,  1901. 
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however,  naked  and  free,  but  each  is  surrounded  by  a  layer  of  proto- 
plasm which  must  contribute  a  part  of  the  '' albuminous  constituents'' 
of  the  latex,  if  it  does  not  supply  all,  though  this  does  not  make  it 
easier  to  understand  the  recent  statement  of  Dr.  C.  O.  Weber"  that 
such  materials  are  not  coagulated  by  boiling.  It  might  be  thought 
that  the  boiling  coagulates  the  protoplasm  of  each  globule  separately 
and  that'the  rubber  is  released  afterwards  and  ri«es  to  the  top,  but 
Dr.  Weber's  statements  would  not  bear  this  interpretation,  though  the 
absence  of  an  explanation  of  the  supposed  failure  of  heat  to  coagulate 
any  of  the  albuminous  matter  leaves  the  impression  that  this  account 
of  the  details  is  not  complete. 

SEASONAL   INFLUENCES  ON  LATEX. 

No  theoretical  consideration  need  interfere  with  the  recognition  of 
any  relation  which  can  be  proved  to  exist  between  the  amount  of  latex 
or  of  rubber  obtainable  from  Castilla  and  the  climatic  conditions  under 
which  the  trees  are  found.  The  most  direct  ev^idence  of  such  climatic 
influence  is  to  be  found  in  the  seasonal  changes  in  the  latex.  Such 
differences  in  the  rubber  content  of  the  milk  at  different  seasons  has 
received  little  attention  from  recent  writers,  though  it  is  not  a  new 
fact,  since  a  detailed  statement  was  published  by  Collins  over  thirty 
years  ago: 

In  Nicaragua  it  is  found  that  although  the  hule  yields  the  juice  at  all  seasoms  the 
moHt  favorable  season  is  April,  when  the  old  leaves  begin  to  fall  and  the  new  ones 
api)ear.  During  the  rainy  season,  from  May  to  September,  the  richness  of  the  juice 
diminishes.  From  that  time  to  January  the  rain  diminishes  and  the  milk  increases 
in  richness,  and  the  tree  prepares  to  flower.  The  fruit  appears  in  March,  during 
which  month  and  the  succeeding  one  the  milk  is  at  its  richest.  The  yield  of  caont^ 
chouc  contained  in  an  equal  quantity  of  milk  would  in  April  be  60  per  cent  more 
than  in  October.  ^ 

The  increased  richness  of  the  milk  in  the  dry  season  seems  to  be 
recognized  in  all  districts  where  the  dry  season  is  long  enough  to  per- 
mit the  etfect  to  ])ecome  appreciated,  but  in  localities  where  the  dry 
weather  in  which  tapping  can  be  done  is  short  there  is  at  once  less 
difference  and  less  opportunity  for  it  to  become  evident.  Where  the 
dr}'  season  is  long,  as  at  Lk  Zacualpa,  the  flow  of  milk  becomes  small 
and  tapping  is  deferred  until  some  rain  has  fallen,  when  the  quantity 
and  quality  of  the  milk  are  both  at  their  best.  The  popular  idea  is 
that  as  the  diT  season  advances  the  milk  becomes  too  thick  to  flow, 
and  that  during  the  rainy  season  it  becomes  too  poor  in  rubber  to  pay 
for  tapping.  The  fa(^t  that  the  latex  becomes  richer  during  the  dry 
season  does  not  prove,  of  course,  that  the  additional  percentage  of 

« Tropical  Agriculturist,  22:443,  January,  1903. 

^  Keport  on  tiie  Caoutchouc  of  Commerce,  1872,  p.  16. 
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rubber  is  a  measure  of  protection  against  the  dry  weather.  It  may 
be  that  the  rapid  growth  which  goes  on  in  the  rainy  season  uses  up  the 
rubber,  while  the  cessation  of  growth  in  the  dry  season  permits  it  to 
aecumulate.  This  possibility  does  not,  however,  exclude  the  other, 
but  seems  rather  to  strengthen  it,  since  there  are  other  reasons  for 
believing  that  the  possession  of  latex  is  an  advantage  in  the  struggle 
against  drought.  Several  such  facts  were  noticed  during  a  recent 
visit  to  southern  Mexico. 

LATEX  IN  DESERT  PLANTS. 

The  plants  able  to  make  the  most  vigorous  growth  and  put  out  flowers 
and  new  leaves  at  the  end  of  the  dry  season,  even  in  the  cactus  deserts 
about  Tehuantepec,  belong  to  the  genus  Jatropha  and  are  near  rela- 
tives of  the  Ceara  rubber  tree,  Mnnihot  glaziovlL  Also  Prof.  H. 
Kttier  says  that  on  the  dry  Pacific  slope  of  Costa  Rica  the  Ceara  rubber 
tree  produces  rubber,  but  refuses  to  do  so  in  the  humid  district  of 
Turrialba,  although  it  thrives  well  there. 

In  the  cactus  desert  about  San  Geronimo  to  the  northeast  of  Tehuan- 
tepee  is  another  euphorbiaceous  plant  with  naked  green  stems  a  yard 
or  more  in  length  and  reddish  unsymmetrical  flowers.  The  stems  are 
rich  in  a  milky  juice,  which  rapidly  coagulates  into  a  substance  much 
like  rubber,  but  lacking  elasticity.  The  plant  was  quite  leafless,  but 
was  blossoming  at  the  end  of  the  dry  .season.  After  the  milky  Euphor- 
biacese,  the  most  flourishing  desert  plants  were  the  Apoc^^naceie,  also 
with  milky  juice.  The  leguminous  plants  of  the  desert  do  not  have 
latex,  but  they  are  noted  for  their  richness  in  gums  and  resins,  which 
are  similarly  formed  and  may  have  similar  functions  in  the  plant 
economy. 

The  most  striking  suggestion  of  the  utility  of  latex  as  a  protection 
against  drought  was  noticed  in  a  cactus  of  the  genus  Mammillaria, 
found  nestling  in  the  crevices  of  the  bare,  black  rocks  of  the  fiercely 
heated  hillsides  about  Tehuantepec.  The  Mammillarias  differ  from 
all  other  members  of  the  family  in  having  a  thick,  milky  juice,  which 
becomes  very  sticky  between  the  fingers,  though  showing  no  signs 
of  elasticity.  It  will  be  difficult  to  avoid  the  conclusion  that  in  this 
instance  the  milky  juice  is  the  special  character  which  has  enabled  the 
Mammillaria  to  excel  all  its  relatives  in  resistance  to  desert  conditions 
of  extreme  heat  and  dryness. 

A  step  in  the  same  direction  seems  also  to  have  been  taken  b\^  a 
large,  straggling  Opuntia  found  near  San  Geronimo.  Instead  of  the 
watery  juice  found  elsewhere  in  this  genus,  a  knife  cut  brings  out  a 
thickish,  opalescent  sap,  which  rapidly  coagulates  into  a  somewhat 
resinous  substance  and  quickly  seals  over  the  injury. 
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WATER  STORING  AS  A   FUNCTION   OF  LATEX. 

As  already  stated,  the  recogriition  of  a  relation  V>etween  latex  and 
dry  weather  has  been  hindered  rather  than  helped  by  the  attempt  at 
framing  a  theor}'^  of  the  use  of  latex  to  the  plant;  but  a  few  writers 
have  appreciated  such  facts  as  the  al)ove,  and  have  teen  inclined  to 
look  upon  the  storage  of  water  as  the  long-sought  general  function. 
The  following  extract  affords  an  instance: 

If  the  fomiation  of  laticiferoiis  tubes  has  heen  calleii  forth  in  all  plants  possessing 
them  to  perform  a  common  function,  then  I  am  inclined  to  think  the  idea  of  their 
serving  as  channels  for  holding  water  in  reserv'e  as  one  of  the  most  plausible.  Lati- 
ciferous  plants  are  markedly  characteristic  of  tropical  regions,  where  transpiration  is 
great.  The  development  of  a  system  of  tubes  running  throughout  the  plant  to  be 
filled  with  water  during  the  wet  season  and  then  to  be  gradually  drawn  upon  during 
times  of  drought  is  intelligible. 

Warming,  in  a  paper  in  the  Botanical  Gazette  for  January,  1899,  entitled  **  Vegeta- 
tion of  tropical  America,"  mentions  lianas  and  other  plants  of  tropical  forest  and 
scrub  as  often  lacticiferous,  and  says:  **Most  likely  latex  serves  several  purposes, 
and  one  of  them,  I  suppose,  is  to  supply  w-ater  to  the  leaves  in  time  of  need  when 
transpiration  l:)ec!omea  too  profuse." 

From  our  experiments  in  Ceylon  we  found  that  the  quantity  of  latex  extractable 
from  incisions  in  the  trunks  of  Hevea  trees  varied  considerably  with  the  time  of  the 
year  and  seemed  to  depend  largely  upon  the  available  moisture  in  the  soil.  After 
heavy  rain  the  exudation  of  latex  is  much  more  copious  and  thinner,  looking  as 
though  the  vessels  had  Income  surcharged  with  water. 

As  the  necessitv  for  a  reserve  of  water  increased,  the  laticiferous  system  wcmld 
tend  to  become  more  extensive  and  more  intimately  associated  with  the  surrounding 
tissues.  The  genus  Euphorbia  chiefly  inhabits  dry  regions  and  is  one  of  the  riciieet 
in  latex. 

This  view  does  not  explain  the  proteid  or  starch  grains  of  latex,  yet  I  think  it  is 
one  to  he  borne  in  mind  in  studying  the  role  of  latex  in  plants,  and  hitherto  it  has 
in  the  main  been  disregarded.  If  latex  does  serve  as  a  water  raserve,  then  perhaps 
it  is  chiefly  vaUiable  for  the  growing  organs. « 

This  view  has,  however,  met  with  no  general  acceptance,  and  has 
obvious  difficulties,  the  most  important  being  that  the  amount  of  water 
actually  stored  or  present  at  one  time  in  a  tree  like  Castilla  would  not 
long  suffice  for  necessary  transpii*ation.  It  av^ails  little  for  such  a 
plant  to  store  unless  it  is  also  possible  to  husband  the  supply.  At 
present,  however,  there  seems  to  ))e  no  practical  suggestion  of  means 
by  wliich  latex  rich  in  rubber  could  better  assist  either  in  storing  the 
water  or  in  preventing  transpiration,  but  of  these  alternatives  the 
facta  seem  to  l)e  nmch  more  in  favor  of  the  latter.  Apart  from  the 
slight  increase  due  to  growth,  the  contents  of  the  trunk  must  remain 
of  approximately  the  same  volume.  The  increased  pressure  to  which 
is  due  the  increased  flow  of  milk  after  the  rains  begin  does  not  require 
a  large  increase  of  the  volume  of  liquid  in  the  tree,  and  is  in  all  prob- 
ability greatly  assisted  b}'  its  greater  fluidity,  which  enables  it  to  flow 
longer  distances  to  the  cuts,  the  capillaiy  fjiiction  being  decreased. 

a  Parkin,  Ann.  Bot.,  14:212-218,  HXX). 
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The  greater  humidity  of  the  atmonphere  would  also  tend  to  the  con- 
tinuation of  the  flow  in  the  rainy  season  by  preventing  the  drying  or 
the  coagulating  of  the  surface  of  the  cuts,  though  the  importance  of 
this,  factor  has  not  been  determined. 

That  the  increase  of  the  rubber  content  of  the  latex  serves  as  a 
protection  against  drought  is  also  rendered  somewhat  more  probable 
by  the  fact  that  Castilla  has  sevferal  characters  serving  the  same  pur- 
pose. The  development  of  hairs  upon  the  branches,  bud  scales, 
leaves,  flowers,  and  fruits  is  much  greater  than  is  usual  among  related 
plants.  The  self -pruning  of  the  branches  and  the  rapid  covering  of 
the  seal's  are  also  exceptional  and  of  obvious  utility  in  reducing  trans- 
piration, and  the  prompt  falling  of  the  leaves  in  situations  where  the 
water  supply  becomes  deficient  shows  even  better  the  sensitiveness  of 
Castilla  to  drought. 

SIGNIFICANCE   OF  MULTIPLE  TAPPING. 

The  latex  problem  acquires  new  interest  from  the  recent  demonstra- 
tion that  Hevea,  at  least,  continues  not  only  to  yield  milk  1)y-  the  daily 
renewal  of  the  wounds,  but  that  the  quantity  actually  increases  for 
several  days.  This  might  seem  to  favor  the  idea  that  the  latex  has  a 
nutritive  function,  the  additional  quantities  bein^  assembled,  as  it 
were,  to  repair  the  injury.  On  the  other  hand,  the  supposition  that  the 
rubber  hinders  evaporation  would  also  work  equally  well  and  affords 
the  additional  suggestion  that  the  greater  evaporation  from  the  wound 
may  assist  in  collecting  the  rubber  about  it,  the  yield  increasing  as  the 
widening  of  the  wound  increases  the  surface  of  evaporation  until  the 
available  supply  of  latex  has  been  depleted. 

ClilMATE  AND  BT7BBEB  FBODTTCTION. 

A    CONTINUOUSLY   HUMID   CLIMATE    NOT   NECESSARY    FOR   CASTH.LA. 

The  study  of  Castilla  furnishes  evidence  that  with  this  tree  there  is  a 
relation  between  climate  and  rubber  production,  and  that  this  relation 
is  the  opposite  of  that  commonly  supposed  to  exist. 

The  vast  quantity  and  high  quality  of  Para  rubber  have  naturally 
given  Brazil  the  chief  place  in  the  thoughts  of  those  interested  in  rub- 
ber, and  it  is  one  of  the  best  established  traditions  of  the  subject  that 
the  native  home  of  rubber  is  in  the  vast,  periodically  overflowed  val- 
leys of  the  Amazon  and  its  tributaries;  and  the  common  failure  to 
appreciate  the  diversity  of  the  rubber-producing  trees  gave  this  idea 
ver\'  general  acceptance. 

Practical  experiments  in  Centi-al  America  soon  showed,  however, 
that  Castilla  will  not  thrive  in  swamps  or  where  the  drainage  is  deti- 
cient,  and  this  fact  is  generally  noted  as  a  cultural  difference  between 
Castilla  and  Hevea,  though  the  need  of  continuous  humidity  for  Cas- 
tilla is  still  insisted  upon.     The  point  has  even  been  carried  so  far  that 


40  CENTRAL    AMERICAN    RUBBER   TREE. 

some  of  the  companies  doing  business  on  the  Isthmus  of  Tehuantepee, 
where  there  is  a  very  distinct  dry  season,  still  feel  it  necessary  to  omit 
this  fact  from  theii  prospectuses  or  to  represent  their  plantations^  hs 
always  moist.  The  incorrectness  of  this  claim  not  then  being  realized^ 
the  extent  of  the  dry  season  of  the  west  coast  of  Guatemala  and 
the  adjacent  Soconusco  district  of  Mexico  was  observed  with  much 
interest. 

(GREATER  ABUNDANCE   OP  CASTILLA   ON   THE   DRIER   PACIFIC  SLOPE. 

The  total  rainfall  of  a  place  affords  but  the  slightest  intimation  of 
its  climate  in  relation  to  vegetation.  A  sudden,  heavy  shower  tnsty 
wet  the  soil  much  less  than  the  same  amount  of  water  falling  as  a  steady 
rain,  and  in  the  supply  of  water  to  plants  the  difference  is  even  greater; 
the  period  during  which  the  atmosphere  and  soil  are  moist  is  of  impor- 
tance to  them,  but  not  the  amount  of  water  which  patters  off  their 
leaves  or  falls  into  the  rain-gauge.  Humidity  even  to  the  p)oint 
of  saturation  for  six  months  may  be  of  no  avail  to  plants  unable  to 
survive  an  equal  period  of  drought.  The  lowland  forests  of  the  west- 
coast  districts  of  Guatemala  and  southern  Mexico,  while  composed  in 
the  main  of  the  same  tropical  elements  as  those  of  eastern  Guatemala, 
yet  showed  a  striking  deficiency  of  plants  requiring  continuous 
humidity.  ^  Nevertheless  wild  Castilla  seems  to  have  existed  in  the 
past  as  in  the  present  in  far  greater  abundance,  the  wild  product  hav- 
ing long  been  an  article  of  export  in  quantity  far  more  considerable 
than  from  the  eastern  districts. 

FREER   FLOW   OF    MILK    IN    DRIER   REGIONS. 

j\.fii^.cond  fact  contrary  to  the  popular  supposition  that  rubber  pro- 
duction is  confined  to  continuouslv  humid  climates  was  encountered 
when  it  was  found  that,  in  spite  of  the  greater  dryness,  the  milk 
flows  down  from  the  rubber  trees  of  Soconusco  with  a  freedom 
unknown  in  eastern  Guatemala,  where  it  merely  oozes  out  into  the 
gashes  made  by  the  "uleros/'  Dr.  Paul  Preuss,  who  studied  rubber 
culture  in  Trinidad,  Mexico,  and  Central  America  for  the  German 
Colonial  Society,  did  not  see  rubber  flow  down  from  the  wounds  made 
in  tapping,  and  seems  to  have  left  America  in  some  doubt  as  to  the 
reality  of  this  phenomenon.  He  explains  that  the  milk  of  Castilla 
behaves  very  differently  from  that  of  other  rubber  trees.  The  *•  fish- 
bone cut"  to  which  he  had  been  accustomed  was  found  in  Trinidad  to 


«Such  are  the  filmy  ferns,  or  Hymenophyllaceie,  and  forest  species  of  Selaginella; 
also  many  Orchididaceie  and  Piperat^eiv,  larjjjely  absent  from  the  forests  between  Ayutla 
and  Tapachula,  and  al.«io  from  the  vicinity  of  JjSl  Zacualpa.  Moisture-loving  plants 
increase  with  altitude  aa  the  more  humid  coffee  districts  are  approached,  but  at  no 
lowland  locality  visited  do  they  exist  in  any  such  abundance  as  in  the  forests  of  the 
valley  of  the  Polochic  River,  in  eastern  Guatemala. 
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be  useless  with  Castilla,  since  the  milk  flowed  out  as  a  liquid  only  in 
the  first  few  drop«  and  soon  turned  into  a  pulpy  mass,  which  remained 
in  the  grooves  and  had  to  be  wiped  out  with  the  finger.  Dr.  Preuss 
says: 

In  a  Castilla  plantation  near  Ran  Salvador  the  manager  stated,  on  my  inquiry,  tnat 
there  are  hule  trees  the  milk  of  which  is  completely  liquid  and  others  of  which 
the  milk  is  thick  and  does  not  run  down.  I  had  hoth  kinds  of  treen  pointed  out  to 
me,  but  could  recognize  no  difference  in  trunk,  leaves,  or  fruits.  All  the  trees, 
which  I  tapped  later,  always  showed  the  thick  milk. 

In  Guatemala,  however,  trees  were  pointed  out  to  me  on  two  plantations  which, 
with  exactly  the  same  appearance  in  leaves,  fruits,  habits,  etc.,  still  had  a  com- 
pletely different  behavior.  On  tapping  there  flowed  out  in  abundance  a  thinly 
liquid  milk,  which,  however,  contained  no  rubber,  or  only  very  small  traces  of  it. 
Of  such  trees  there  were  many  on  both  plantations.  They  had  been  specially 
marked,  and  "were  never  tapped;  naturally  their  seeds  were  also  not  sown  for  new 
plantations.  The  statement  that  the  milk  of  Castilla,  that  from  which  gocnl  rubber 
can  be  obtained,  runs  down  the  trunk  into  vessels,  I  have  often  heard  asserted  with 
positive  assurance.  I  have  never  been  able  to  convince  myself  of  it,  and  can  only 
suppose  that  it  is  a  case  of  two  different  varieties,  with  one  of  which  I  have  not 
become  acquainted. 

DECREASE  OP   MILK   WITH   ALTTTUDE   AND  CONTINUOIS   HUMIDITY. 

That  rubber  milk  is  obtained  with  greater  freedom  on  the  drier 
western  coast  shows  that  continuous  humidity  is  at  least  not  indispen- 
sable, but  it  does  not  prove  that  the  larger  production  is  due  to  the 
drier  climate.  There  may  be,  and  probably  are,  differences  in  the 
trees  of  the  two  regions,  though  these  have  not  been  detected.  But 
that  there  is  a  climatic  element  even  on  the  west  coast  is  made  plain 
by  the  fact  that  as  the  coastal  plain  is  left  behind  and  the  slopes 
increase  in  altitude  and  humidity  the  production  of  rubber  gradually 
declines.  At  an  altitude  of  about  1,800  feet  on  the  Esmeralda  coffee 
estate,  only  a  few  miles  from  La  Zacualpa,  wild  Castilla  trees  appar- 
ently normal  in  other  respects  yielded  milk  very  sparingly,  while  at 
an  elevation  of  2,500  feet  no  milk  dropped  from  the  cuts.  Castilla 
trees  grew  vigorously  and  attained  a  diameter  of  15  inches  in  twelve 
years  at  '^Quien  Sabe,"  in  the  coffee  district  above  Tapachula.  The 
trees  grow  naturally  up  to  1,500  feet  and  beyond.  Above  1,000  feet 
the  rubber  gatherers  do  not  expect  to  find  much  rubber.  Trees 
planted  at  an  altitude  of  2,000  feet  from  seed  brought  from  the  coast 
do  not  yield  rubber. 

The  fact  that  Castilla  yields  little  or  no  milk  in  elevated  situations 
is  commonly  recognized  in  Soconusco,  though  it  is  not  necessary  to 
accept  the  popular  impression  that  the  difference  is  due  to  the  mere 
fact  of  elevation.  The  temperature  being  lower  and  the  atmosphere 
more  humid,  there  is  less  rapid  tmnspiration  of  moisture  and  less 
need  at  once  of  means  of  resisting  dryness  and  of  maintaining  the 
high  pressure  of  fluids  found  in  trees  growing  near  sea  level. 
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Decrease  of  temperature  would  also  mean  a  decreased  effect  from 
dryness.  If  this  interpretation  of  the  function  of  rubber  be  correct, 
a  region  like  the  Isthmus  of  Tehuantepec,  which  might  be  suitable  for 
coffee  at  relatively  low  elevations,  would  not  for  this  very  reason  be 
favorable  for  rubber.  It  is  also  not  to  be  assumed  that  a  region  in 
which  the  rubber  tree  grows  wild  is  favorable  for  the  production  of 
rubber.  The  case  is  quite  different  from  that  of  a  seed  or  fruit  crop. 
A  plant  is  not  likel}^  to  become  established  in  a  region  where  it  can 
not  ripen  seed,  but  if  rubber  is  an  adaptation  against  unfavorable 
conditions,  it  might  be  dispensed^  with  where  the  unfavorable  con- 
ditions do  not  exist.  That  latex  serv^es  in  Cai^tilla  as  a  protection 
against  drought  does  not  mean  that  it  may  not  have  other  functions 
here  and  elsewhere.  The  problem  of  rubber  culture  is  to  encourage 
the  formation  of  latex  by  placing  the  tree  under  suitable  conditions. 

In  a  dry  atmosphere  the  transpiration — that  is,  the  moisture  given 
off  by  the  leaves — is  much  greater,  and  as  this  water  is  taken  up 
from  the  soil  the  amount  of  salts  and  other  soluble  substances  taken 
into  the  plant  with  the  water  is  also  much  increased.  It  is  by  no 
means  impossible  that  substances  obtained  in  this  way  are  used  in  the 
formation  of  rubber,  and  if  this  be  the  case  the  tree  would  have,  as  it 
were,  an  automatic  protective  device;  the  drier  the- weather  the  greater 
the  quantity  of  rubber-forming  materials  and  the  greater  the  protec- 
tion against  dry  weather.  It  is  possible  even  that  the  thickening  of 
the  milk  might  finally  impede  the  circulation  of  water  and  be  itself 
the  cause  of  the  falling  of  the  leaves,  as  Parkin  observed  with  the 
leaves  of  Hevea.  The  falling  of  the  leaves  in  the  dry  season  would 
thus  be  an  indication  of  conditions  favorable  for  rubber  culture  rather 
than  the  reverse,  as  some  have  supposed.  It  is  not  at  all  impossible 
that  a  rubber  tree  might  grow  best  in  a  region  where  it  would  not 
yield  the  maximum  quantity  of  rubber,  and,  conversely,  it  may  be 
found  that  the  most  rapid  growth  of  the  trees  does  not  insure  the 
largest  yield  of  rubber.  If  it  be  true  that  rubber  is  a  dry-weather 
product,  the  limitations  of  rubber  culture  on  this  side  are  in  securing 
enough  rain  to  permit  rapid  growth.  One  problem  would  be  to  find 
out  how  much  of  a  dry  season  is  necessary  for  best  results.  Too 
much  dry  weather  would  mean  slow  growth,  too  much  rain  decreased 
formation  of  rub])er,  and  these  factors  would  vary  even  in  the  same 
neighborhood  and  with  different  seasons.  The  prospects  of  particular 
localities  for  rubber  can  not  be  ascertained  by  the  tapping  of  a  few 
trees  in  each  at  the  same  date  or  in  the  same  month.  A  tree  in  which 
the  pressure  in  the  milk  tubes  was  too  low  or  the  milk  too  thick  to 
flow  out  in  the  dry  season  might  yield  abundantly  at  the  beginning  of 
the  rains,  while  in  a  more  humid  locality  the  fluctuations  would  h^ 
much  less. 

That  rubber  could  be  obtained  from  one  tree  in  the  dry  season  and 
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not  from  another  might  mean  merely  that  the  former  had  acce.sn  to  a 
larger  supply  of  water  and  was  thus  able  to  maintain  a  greater  latex 
pressure.  Such  questions  will  need  to  be  studied  in  detail  after 
uniform  methods  of  tapping  and  pressure  measurement  have  been 
devised.  This  need  not  obscure  the  fact  that,  unless  tapping  be  done 
at  the  most  favorable  date,  the  productiveness  of  rubber  trees  and  the 
l<x?alities  in  which  thev  errow  mav  be  misjudwd  verv  easilv. 

CAKTILLA    IN'    XK'ARACU'A. 

The  opinion  that  the  production  of  rubber  by  Castilla  is  favored  by 
a  dry  season  is  based,  as  yet,  onh^  on  observations  made  in  Guatemala 
and  southern  Mexico;  other  conditions  and  different  species  of  Cas- 
tilla may  be  found  in  the  countries  to  the  southward.  Moreover,  it 
is  scarcely  reasonable  to  expect  the  interested  public  to  adopt  what 
may  appear  to  be  a  radical  view  of  Castilla  culture  without  understand- 
ing the  basis  of  the  current  opinion  that  continuously  humid  regions 
are  required  for  the  production  of  rubber. 

The  Report  on  the  Caoutc^houc  of  Commerce,  written  by  James 
Collins,  and  published  in  1872  under  the  auspices  of  the  British  Gov- 
ernment, remained  for  many  years  the  most  complete  and  authorita- 
tive statement  of  the  subject.  It  was  very  frequently  quoted  b}' 
subsequent  writers,  and  has  probably  done  most  to  establish  the  idea 
that  continuous  humidity  is  required  b}'  Castilla.     Collins  says: 

The  8j)ecie8  of  Castilloa  seern  to  like  best  and  thrive  in  thick,  humid,  warm  forest*^. 
They  abound  in  Nicaragua;  and  as  I  have,  through  the  kindness  of  my  friend  Dr. 
Bureau,  of  Paris,  received  from  M.  Paul  L<3vy,  a  botanical  collator  in  Nicaragua,  a 
good  account  of  their  history  there,  it  will  serve  to  give  a  correct  idea  of  their  habits. 

The  ]>asin  of  the  Rio  San  Juan  is  where  the  ule  tree  grows  to  perfection.  This 
river  is  the  natural  vent  of  the  two  vast  ba.<<in8  of  the  lakes  of  Nicaragua  and  Mana- 
gua, receiving  numerous  tributaries,  whicli  have  all  their  sources  in  the  innumerable 
tracts  hitherto  virgin  and  unfrequented,  and  where  the  trees  abound.  The  ground 
is  very  fertile.  The  district  is  very  unhealthy;  it  rains  for  eight  or  nine  months  in 
the  year,  and  the  climate  is  very  warm  and  humid.  The  trees  prefer  humid  and 
wann  soils,  but  not  marshy,  clayey,  or  gravelly  ground,  and  the  presence  of  these 
trees  is  looked  upc^n  as  an  indication  of  a  fertile  soil.  .  .  .  The  ule  is  often  near 
water-courses,  an<l  nearlv  alwavs  on  the  banks. « 

CASTILLA    IN'    COSTA    RICA. 

The  most  extensive  recent  publication  on  Castilla  is  by  Herr  Th.  F. 
Koschny,  a  resident  of  Costa  Rica,  whose  opinions  on  the  subject  of 
climate  appear  to  >)o  nearly  opposite  to  those  stated  above.     He  says: 

The  safest  and  most  productive  rubber  plant  is  the  ('astilloa  eUi9tica  oi  Central 
America.  Its  tenacity  of  life  and  adaptability  to  soil  and  climate  are  seldom 
excee<led  by  other  trees;  the  same  is  also  t^ue  of  the  quantity  and  quality  of  the 
rubber. 

It  requires  a  humid,  wann  climate,  and  with  respect  to  rainfalUless  depends  upon 
the  amount  of  precipitation  than  upon  the  distribution  of  it.     The  shorter  the  dry 


"Gollins's  Report  on  Caoutchouc,  p.  14. 
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season  and  the  more  the  rain  extends  over  the  entire  year  the  better  will  a  locality 
be  adapted  for  nibl)er  culture;  regions  with  a  long,  absolutely  dry  season  are  unsuit- 
able for  this  culture.  In  the  valley  of  San  Carlos,  Costa  Rica,  upon  the  Atlantic 
sloite,  it  rains  occasionally  also  in  the  dry  season,  and  even  in  the  two  driest  months, 
March  and  April.  The  Pacific  slope  of  Central  America  has,  on  the  contrary,  a 
completely  dry  season  of  four  months,  and  two  months  at  the  be^nning  and  end 
with  little  rain.  Both  the  wild  and  the  planted  rubber  trees  die  there  at  the  third 
tapping  at  the  latest,  in  case  this  takes  place  in  the  dry  season. » 

If  the  above  statement  represents  a  general  fact  in  Costa  Rica  it 
can  only  be  said  at  present  that  either  the  clinfiate,  or  the  rubber  trees, 
or  both,  are  different  from  those  of  southern  Mexico,  In  spite  of  six 
months  of  dry  weather  the  rubber  trees  at  La  Zacualpa  have  reached 
maturity  in  the  open  sun,  and  have  survived  many  and  severe  tappings, 
as  shown  in  the  accompanying  illusti*ations  (Plates  I,  XII,  and  XV^I). 

It  may  not  be  without  significance  that  the  conditions  with  which 
Herr  Koschnv  is  most  familiar  and  which  he  considers  favorable  for 
rubber  production  are  not  those  of  continuous  humidity,  for  there  is 
a  dry  season  of  two  or  three  months.  In  eastern  (ruatemala,  an  inter- 
esting example  of  the  rapidity  with  which  the  tropical  sun  can  dry 
out  the  vegetation  was  obseiTed.  Our  part}'  arrived  at  Panzos  during 
a  heavy  rain,  and  rode  the  next  day  toward  Senahu  over  muddy  roads 
through  the  dripping  leaves  of  a  luxuriant  tropical  growth.  Three 
weeks  later  the  same  region  was  dry  and  parched,  and  even  the  leaves 
of  the  undergrowth  of  the  forest  were  shriveled. 

CASTILLA   ON   THE   ISTHMUS  OF   PANAMA. 

The  idea  that  the  Castilla  sent  from  the  Isthmus  of  Panama  to  Brit- 
ish India  c»me  from  a  continuously  humid  district  seems  not  to  be 
justified  by  the  statements  of  Mr.  Cross,  who  secured  seeds  and  cut- 
tings in  the  vicinity  of  Colon.     He  says: 

The  interior  of  the  Darien  forests  would  frighten  most  people.  Tlje  undeiigrowth 
is  composed  of  boundless  thickets  of  a  pri(;kly  leaved  speines  of  BroineUa  often  8  to 
10  feet  high,  the  ground  swarms  with  millions  of  ants,  and  the  snakes  raise  them- 
selves to  Htrike  at  anyone  who  approaches. 

The  Caucho  tree  grows  not  in  inundated  lands  or  marshes,  but  in  moist,  undulating, 
or  fiat  situations,  often  by  the  banks  of  streamlets  and  on  hillsides  and  summits 
where  is  any  loose  stone  and  a  little  soil.  It  is  adapted  for  the  hottest  parts  of 
India,  where  the  temperature  doe§  not  fall  much  below  74°  F.  The  tree  is  of 
rapid  growth,  and  attains  to  a  great  size,  and  I  am  convinced  that,  when  culti- 
vated in  India,  it  will  answer  the  most  sanguine  expectations  that  may  have  been 
formed  concerning  it.  I  have  been  up  the  Chagres  and  Gatun  rivers.  I  came  out 
on  the  railway  alx)ut  7  miles  from  Colon.  I  go  back  to  the  same  place  (the  villageof 
Gatun) ,  from  which  place  by  the  river  the  India-rubber  forests  are  reached.  *> 

The  undergrowth  of  Bromelia  indicates  a  relativel}'^  barren,  open 
forest  with  a  severe  dry  season,  and  this  supposition  is  strengthened 
b}^  the  allusion  to  the  ants,  snakes,  ^' loose  stones,"  and  'Mittle  soil." 


«  Beihefte  zum  Tropenpflanzer,  2:119,  1901. 
''Trans.  Linn.  Soc.,  London,  2d  ser.,  2:213. 


CLIMATE   OF  PABA    BUBBEB   TBEE.  45 

ANALOGY  OF  THE  ASBAH  RUBBER  TREE. 

The  fact  that  the  production  of  rubber  may  fail  under  conditions 
which  permit  the  luxuriant  growth  of  the  trees  is  not  new,  since  it  was 
recorded  with  reference  to  the  Assam  rubber  tree  as  early  as  1875,  as 
shown  in  the  following  extract: 

The  prodaction  of  different  kinds  of  caoutchouc  in  India  continues  to  engage  the 
attention  of  the  India  Office  and  of  this  establishment.  One  fact  in  connection  with 
it  which  seems  to  require  very  careful  consideration  has  been  pointed  out  by  Mr. 
Mann  in  his  report  on  the  caoutchouc  plantations  in  Assam.  It  is  found  that 
although  the  Ficus  elasiica  will  grow  with  undiminished  rapidity  and  luxuriance  in 
situations  remote  from  the  hills,  it  fails  to  yield  caoutchouc.  Mr.  Mann  concludes 
that  no  greater  mistake  could  be  made  than  to  start  plantations  of  Ficus  elcuAica  in 
any  part  of  Bengal.  It  appears,  therefore,  judging  from  this  case,  that  conditions 
which  may  insure  the  successful  growth  of  caoutchouc-yielding  trees  may  not  be 
sufficient  to  determine  their  producing  caoutchouc. « 

THE   PARA   RUBBER  TREE  IN   HUMID  LOCALTriES. 

Following  the  original  publication  of  James  Collins,  in  1872,  writers 
on  rubber  have  continued  to  emphasize  the  humidity  of  the  forests  of 
the  Amazon  basin. 

The  Amazon  Valley  is  remarkable  for  uniformity  of  temperature  and  for  regular 
supply  of  moisture.  From  June  to  December  is  the  dry  season,  and  January  to  May 
the  wet.  In  the  dry  season  in  November  there  are  a  few  occasional  showers,  and 
during  the  wet  season  intervals  of  fine  weather.  *  *  *  On  the  banks  are  dnn^e 
moist  forests,  with  caoutchouc  trees  interspersed.  Dr.  Spruce,  when  at  Barra,  in 
December,  1850,  found  that  the  rains  had  set  in  some  weeks  previous,  and  from 
December  10  to  the  beginning  of  the  following  February  only  a  single  day  occurred 
without  some  rain.  In  February  there  were  six  fair  days;  in  March,  the  most 
rainy  month,  only  one;  and  to  April  18  but  three  days  of  fine  weather.  During 
March  the  highest  temperature  was  84 J°;  many  days  it  failed  to  reach  as  high  as  80°. 

On  the  Solimoens,  or  upper  Amazon,  the  sea  breeze  is  not  felt,  and  it  is  therefore 
more  stagnant  and  sultry.  The  whole  of  the  country  along  its  l)anks  in  covered 
with  one  uniform,  lofty,  impervious,  and  humid  forest.  The  soil  nowhere  sandy, 
but  always  either  a  stiff  clay,  alluvium,  or  vegetable  mold.  The  vegetation  is  very 
prolific  and  the  atmosphere  densely  vaporous.  ^ 

It  is  diflicult  to  explain  why  the  heavy  rains  and  overflowed  rivers 
have  been  dwelt  upon  with  so  much  pei'sistence  and  the  six  months  of 
dry  weather  left  cjuite  out  of  account,  particularly  since  it  has  been 
known  from  the  first  that  the  rubber  is  obtained  in  the  dry  season,  and 
Collins  himself  states  that  in  the  wet  season  the  milk  is  poor  in  rubber, 
or  *'too  aqueous  to  allow  of  profitable  collection." 

The  late  Mr.  Jenman,  government  botanist  of  British  Guiana,  has 

« Report  on  the  Progress  and  Condition  of  the  Royal  Gardens  at  Kew  during  the 
Year  1875,  p.  7. 

^Collins,  J.     Report  on  the  Caoutchouc  of  Commerce,  p.  6. 
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described  similarly  the  conditions  which   he  considered   typical  for 
Hevea  spniceana: 

The  water  lies  in  shallow  pools  between  the  trees,  or  is  spread  iu  sheets,  when 
deeper,  over  wide  spaces  of  ground,  and  the  surface  soil  generally,  especially  where 
this  tree  most  abounds,  is  hardly  more  firm  or  dense  than  mud.  It  will  give  an  idea 
of  its  character  when  I  say  that  I  wore  a  pair  of  high-laced-up  shooting  ]xK>te,  but 
with  the  best  care  in  moving  about,  and  stepping  mostly  on  the  more  solid  soil  which 
is  usuallv  found  in  hillocks  around  the  butts  of  trees,  or  on  the  fallen  bits  of  wf>od 
which  stretch  between  them,  in  spite  of  my  care,  I  was  constantly  sinking  to  their 
tops  and  over,  so  that  my  socks  were  covered  with  mud.  I  am  speaking,  a.v  I  have 
said,  of  the  wet  season  of  the  year,  but  even  in  the  dry  the  ground  continues  in  a 
very  moist  condition.  The  land  is  usually  very  densely  shaded,  and  in  many  places, 
probably  in  consequence,  produces  very  little  undergrowth. 

I  have  taken  the  occasion  to  describe  rather  fully  the  character  of  the  land,  as  it 
is  important  that  persons  contemplating  the  cultivation  of  this  species  of  Hevea 
should  be  well  informed  as  to  the  conditions  which  prevail  in  its  native  haunts. « 

It  is,  of  course,  to  be  expected  that  different  species  of  Hevea  will 
be  found  to  prefer  different  natural  conditions,  but  the  above  account, 
while  well  showing  what  even  explorers  have  been  expecting  to  find, 
has  little  real  bearing  in  rubber  culture  in  view  of  the  extreme  diffi- 
culty of  carrying  on  agricultural  operations  in  such  a  country.  More- 
over, the  average  maximum  yield  obtainable  by  the  destruction  of 
full-grown  trees  is  placed  by  Mr.  Jenman  at  1  pound,  which  was 
several  times  greater  than  what  could  be  secured  by  tapping. 

PRODUCTIVENESS   OK   PARA   RUBBER   TREES   IN    DRY   SITUATION. 

A  Para  rubber  tree  in  the  Bottmic  Garden  at  Penang,  on  the  Malay 
Peninsula,  is  noteworthy  as  having  a  reliable  record  of  six  tappings  in 
five  years,  with  a  total  of  15  pounds  and  10  ounces  of  nibbcr.  The 
tree  was  set  out  in  1886,  and  was  about  eleven  years  old  before  it  was 
tapped.  Some  of  the  incidents,  as  related  in  the  following  paragraph, 
are  not  without  interest: 

No  particular  attention  was  paid  to  these  trees  at  the  time  m6re  than  to  the  many 
other  economic  and  ornamental  plants  that  were  planted  in  this  garden  that  year, 
then  in  course  of  foundation,  and  it  so  happened  that  two  were  planted  side  hy  side 
on  poor  gravelly  soil  on  sloping  ground,  which,  by  the  subsequent  cutting  of  a  new 
road  alongside  them  some  years  later,  converted  the  site  on  which  they  are  growing 
into  what  is  virtually  a  dry  bank.  When,  some  ten  years  after  these  trees  were 
planted,  the  questions  of  the  best  method  of  extracting  and  coagulating  rubber,  and 
the  probable  yield  to  be  expected,  commenced  to  interest  the  planting  community, 
this  tree  as  being  the  largest  in  the  garden,  was  selected  for  experiments,  which  have 
been  continued  from  time  to  time  and  the  result  recorded  in  the  annual  reports. 
There  is  nothing  remarkable  about  this  tree  except  that,  as  planters  liave  often 
remarked,  it  is  remarkably  small  for  its  age,  but  that  is  not  surprising,  considering 
the  nature  of  the  soil  and  the  situation  in  which  it  is  growing.  ^ 
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Notwithstanding  the  apparently  unfavorable  conditions  and  the 
rather  severe  treatment  to  which  it  has  lioen  subjected,  the  tree  is 
described  as  in  health v  condition,  with  all  its  wounds  healed.  It  has 
a  height  of  about  55  feet  and  a  girth  of  6()  inches,  having  increased 
from  36  inches  in  1897,'  when  tapping  was  commenced. 

THE  TRUE   CLIMATE   OF  HEVEA. 

The  results  of  the  writer's  observations  on  Castilla  were  so  much  at 
variance  with  prevalent  opinions  concerning  climatic  i-ecjuirements 
that  the  possibility  of  a  similar  error  having  been  made  with  refer- 
ence to  Hevea  naturally  suggested  itself,  and  various  indications  like 
the  preceding  were  found  in  the  literature  of  the  subject  suggesting 
that  this  might  prove  to  be  the  case.  Shortly  afterwards  there 
appeared  the  following  quotation  from  a  paper  written  by  Mr.  H.  A. 
Wickham,  Avho  made  the  original  introduction  of  Hevea  seeds  from 
Brazil  to  British  India,  and  whose  testimonv  is  so  direct  and  conclu- 
sive  that  we  need  wonder  only  that  so  important  a  point  should  have 
been  so  long  overlooked: 

But  as  all  the  stock  of  plants  or  seed  available  for  the  planting  and  cultivation  of 
this  tree  in  the  Eastern  Tropics  are  and  will  be  derived  from  direct  lineal  dc8<^end- 
ants  of  some  or  other  of  those  7,000-o<ld  originally  introduced  by  me  at  the  instance 
of  the  government  of  India  in  1876-77,  it  may  be  well  if  it  l)e  recollected  that  their 
exact  i)lace  of  origin  was  in  3°  of  south  latitude,  and  to  rememl)er  their  natural  con- 
ditions there.  This  the  more  so  since  a  very  general  error  seeniH  to  have  obtained 
that  swampy  or  wet  lands  are  the  fitting  locality  for  the  Hevea.  ThiH  would  neem 
to  have  arisen  in  that  the  "explorer"  of  a  few  years*  exiH»rience  would  have  some 
of  thes?*?  trees  pointed  out  to  him  (naturally  in  answer  to  inquiries)  growing  scat- 
tere<i  along  in  the  wet  margins  in  going  up  the  lower  Amazon  or  tributaries,  whereas 
the  true  forests  of  the  Para  Indian  rubber  trees  lie  back  on  the  highlands,  and  those 
commonly  seen  by  the  inquiring  traveler  are  but  ill-grown  trees  which  have  spning 
op  from  seeds  brought  down  by  freshets  from  the  interior. 

As  a  matter  of  fact,  the  whole  of  the  Hevea  which  I  procured  for  the  government 
of  India  were  the  produce  of  large  grown  trees  in  the  forest  covering  the  broad 
plateaus  dividing  the  Tapajos  from  the  Madeira  River.  The  soil  of  these  well- 
<iraine<l,  wide-extending  fore8t-covere<l  table-lands  is  stiff,  not  remarkably  rich,  but 
deep  and  uniform  in  character.  .The  Hevea  found  growing  in  these  unbroken 
forests  rivals  all  but  the  largest  of  the  trees  therein,  attaining  to  a  circumference  of 
10  feet  to  12  feet  in  the  l)ole.  These  forest  plains  having  all  the  character  of  wiile- 
spread  table-lands  occupy  the  space  betwixt  the  great  arterial  river  systems  of  the 
Amazon,  and  present  an  escarped  face,  which  follows  at  greater  or  less  distance  and 
abuts  steeply  on  the  igapo  or  bagas,  i.  e.,  the  marginal  river  plains  subject  to  inun- 
dation by  the  annual  rise  of  the  great  river.  8o  thorough  is  the  drainage  of  this 
highland  that  the  {)eople  who  annually  penetrate  into  these  forests  for  the  season's 
working  of  the  rubljer  have  to  utilize  certain  lianas  ( water-l)earing  vine«a)  for  their 
water  supply,  since  none  is  to  be  obtained  by  surface-well  sinking,  in  spite  of  the 
heavy  rainfall  during  a  great  part  of  the  year.  « 
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THE  0T7I.TTJBE  OF  OASTTT.TiA. 

In  attempting  to  plan  a  rational  culture  for  Castilla  it  will  be  worse 
than  useless  to  insist  upon  all  or  any  of  the  cultural  meai$ure8  which 
have  been  found  desirable  with  coffee,  cacao,  or  other  tropical  crops. 
Castilla  is  not  cultivated  for  the  leaves  like  coca,  for  the  flowers  like 
cloves,  for  the  fruits  like  oranges,  nor  for  the  seeds  like  coffee.  The 
increase  of  the  size  of  the  trunk  and  of  the  amount  of  milk  contained 
in  its  inner  bark  are  the  objects  of  cultural  solicitude. 

SHADE  IN  THE   CULTURE   OF  CASTILLA. 
SHADE   NOT   A    NECESSITY. 

Much  of  the  preceding  discussion  of  the  habits  of  Castilla  and  of 
the  climatic  conditions  suitable  to  its  culture  may  also  serve  as  prelim- 
inary to  the  consideration  of  the  question  whether  plantations^   of 
Castilla  require  the  shade  of  larger  trees  or  may  be  exposed  to  full 
sunlight.     The  argument  that  Castilla  always  grows  in  shaded  loca- 
tions in  nature  is  by  no  means  conclusive,  since  it  is  well  known  that 
many  forest  trees  thrive  better  when  they  have  the  opportunity  of 
standing  alone  and  are  free  from  the  close  competition  for  food  and 
sunlight  implied  by  forest  conditions.     It  is  also  certain  that  Castilla 
is  not  onh'  able  to  obtain  an  existence  in  the  open,  but  that  it  makes 
much  more  rapid  growth  quite  without  shade  than  it  does  in  the  forest 
If  the  problem  were  merely  to  secure  the  quick  growth  of  Castilla, 
there  would  be  no  hesitation  between  these  two  methods  of  planting; 
but  there  are  many  stages  between  dense  forest  and  clean  culture,  and 
the  question  may  well  be  raised  whether  the  conditions  most  favorable 
for  rubber  production  are  not  to  be  found  in  some  of  these.     Advo- 
cates of  both  extremes  and  all  intermediate  conditions  are  not  lacking, 
so  that  the  question  of  shade  Avith  Castilla  bids  fair  to  become  as  com- 
plicated and  as  exte?isively  debated  as  with  coffee  and  c*acao.     More- 
over, as  with  those  crops,  it  may  be  found  to  have  no  general  solution, 
but  to  depend  upon  local  conditions  of  soil  and  climate. 

That  rubber  can  be  grown  under  forest  conditions  there  c^an  be  no 
doubt,  since  all  the  natural  supplies  are  to  be  credited  to  this  method 
of  production,  but  the  desirability  of  forest  planting  does  not  neces- 
sarily follow,  since  it  is  equally  certain  that  under  the  deep  shade  the 
trees  grow  with  an  extreme  slowness,  which  would  exhaust  the  patience 
of  any  investor.  Moreover,  as  previously  shown,  it  may  well  be 
doubted  whether  a  plantation  of  Castilla  would  ever  grow  to  normal 
maturity  in  the  undistur])ed  forest;  the  indications  are  that  only  those 
trees  survive  which  are  able  to  profit  by  accidents  to  their  larger 
neighbors  and  thus  receive  more  sunlight  than  usually  reaches  the 
undergrowth  of  a  dense  tropical  forest.  In  other  words,  regular 
forest  planting  does  not  mean  the  placing  of  Castilla  under  conditions 
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most  favorable  to  its  growth  in  nature;  these  are  more  nearly  attained 
when  the  foreet  is  thinned  out  or  partly  cut  away. 

Koschny,  who  di^tinguisheH  four  kinds  of  Castilla  in  Costa  Kica, 
says  that  the  "'hule  bianco,"  or  white  Castilla,  is  the  onl}'  one  adapted 
for  cultivation,  and  that  this  is  never  found  in  the  deep  forest,  but 
in  more  open  places,  where  the  foliage  has  ac^'ess  to  the  sunlight. 

Experiments  with  forest  planting  were  studied  in  eastern  (luate- 
mala  and  in  southern  Mexico,  and  in  lx)th  instances  the  young  trees 
were  at  an  obvious  disadvantage  in  comparison  with  others  planted 
at  the  same  time  in  more  open  situations.  Plates  XIII  and  XIV 
will  serve  to  illustrate  the  difference*,  for  although  the  tree  shown 
in  the  latter  had  suffered  the  loss  of  its  t^'rminal  bud  the  numl>er  of 
leaves  and  the  amount  of  new  growth  it  had  made  was  not  below 
the  average.  Many  individuals  had  hardly  grown  at  all  in  six  months 
and  many  had  died.  On  the  other  hand,  it  should  l>e  explained  that 
the  trees,  like  that  shown  in  Plate  XIII,  while  thev  had  no  shade 
overhead  were  not  exposed  to  the  extent  which  might  \ye  implied  by 
the  term  "'open  culture,"  since  they  stood  in  a  clearing  onl}'  a  few 
acres  in  extent.  The  neighboring  forest  gave  shade  in  the  morning 
and  afternoon,  and  the  atmosphere  was  undoubtedly  kept  far  more 
humid  throughout  the  day  than  would  be  the  case  in  a  large  tract  of 
unshaded  land  baked  })y  the  tropical  sun.  They  were  also  undoul)t- 
edly  assisted  by  a  nmlchof  dead  leaves  and  brush.  Trees  12  feet  high 
were  said  to  be  oyly  1  year  old. 

It  would  seem,  then,  that  one  of  the  extreme  suggestions — the  plant- 
ing of  rubber  in  the  undisturbed  forest — is  clearly  inadvisable  and 
mav  be  dismissed  from  further  consideration.  The  other  extreme — 
elean  culture — is  not  so  readily  condemned  as  impi'acticable,  since 
observations  in  southerr  Mexico  establish  the  fact  that  even  single 
trees,  standing  in  the  open  sun  and  with  little  other  vcgetiition  near 
them,  are  not  only  able  to  survive  six  months  of  dry  weather,  but 
actuallv  remain  more  leafv  at  the  end  of  the  drv  season  and  thus 
appear  to  suffer  less  from  drought  than  those  on  land  covered  with 
weeds  and  bushes.  The  reason  for  this  apparent  anomaly  ma}^  not  be 
difficult  to  conjecture,  since  it  is  plain  that  a  tree  standing  in  cleared 
ground  has  a  monopoly  of  all  the  moisture  which  rinses  in  the  soil, 
and  may  thus  have  a  distinct  advantage  over  one  obliged  to  share 
a  similar  supply  of  water  with  a  tangled  mass  of  other  plants  which 
expose  to  the  atmosphere  a  total  leaf  surface  man}'  times  that  of 
the  young  rubber  tree.  Moreover,  it  is  also  clear  that  the  water 
required  to  supply  the  needs  of  this  large  amount  of  vegetation  would 
greatly  exceed  that  which  escaped  from  the  exposed  surface  of  the 
soil.  It  is  even  doubtful  whether  a  covering  of  low  vegetation  greatly 
checks  the  evaporation  from  the  soil;  it  may  be  as  great  or  greater 
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than  where  the  surface  of  exposed  soil  is  loosened  by  stirring  and  thus 
forms  a  layer  which  hinders  the  access  of  dry  air  and  Ls  a  noncon- 
ductor of  heat.  In  previous  discussions  of  shade  in  the  culture  of 
Castilla  this  distinction  between  open  culture  and  clean  culture  seems 
to  hav^e  been  overlooked,  and  the  question  of  shade  has  continued  to 
be  confused  w^ith  that  of  water  supply.  The  statements  of  various 
writers  that  the  leaves  are  unable  to  withstand  exposure  to  the  full 
sun  because  of  their  delicate  texture  are  quite  erroneous.  The  tree 
needs  sunlight,  and  is  benefited  by  it  as  long  as  the  water  supply  is 
sufficient,  but  when  this  l)ecomes  deficient  the  leaves  shrivel.  The 
light  is  no  brighter  and  the  temperature  no  higher  in  the  dry  season, 
which  in  Mexico  occurs  in  the  winter  months;  but  the  dry  atmos- 
phere demands  more  water,  while  the  soil  supplies  less. 

The  rapidity  with  which  dry  atmosphere  takes  water  from  a  plant 
may  be  judged  b}^  the  promptness  with  which  the  leaves  of  a  broken 
branch  wilt  and  shrivel,  and  this  happens  ver}"  promptly  with  Castilla. 
Many  plants  have  developed  no  expedients  for  resisting  evaporation 
and  are  accordingly  confined  to  continuously  humid  regions,  but  Cas- 
tilla, as  has  alread}^  been  seen,  is  adapted  in  several  ways  for  resisting 
drought.  The  leaves  themselves  are,  it  is  true,  of  rather  loose  texture 
and  have  only  the  slight  assistance  of  the  hairs  of  the  lower  surface  as 
a  protection  against  exccvssive  transpiration.  The  leaves  suffer  when 
they  are  obliged  to  part  with  more  water  than  they  can  obtain,  and 
their  falling  off  is  then  an  advantage  because  it  deoreases  the  demand 
for  water.  Thus,  although  Castilla  is  not  a  desert  plant,  the  falling  of 
its  leaves  in  the  dry  season  is  th«»  same  physiological  phenomenon 
which  appears  so  conspicuously  in  deserts,  viz,  the  loss  of  the  leaves 
as  a  protection  agiiinst  drought.  Man}*^  desert  plants  such  as  Parkin- 
sonia,  Fouquieria,  Peireskia,  and  species  of  Euphorbia  put  out  leaves 
for  the  wet  season  only,  while  most  of  the  Cactacete  and  many 
Euphorbias  have  discarded  leaves  entirely  and  expose  as  little  surface 
as  possible  to  the  air. 

This  digression  may  help  to  make  it  apparent  that  the  planter  who 
desires  to  give  intelligent  consideration  to  the  agricultural  question  of 
shade  should  dismiss  the  notion  that  the  rubber  tree  derives  a  direct 
advantage  from  standing  in  the  slmdow  of  another  tree;  on  the  con- 
trary, it  is  probable  that  interference  with  the  sunlight  is  always  a 
direct  disadvantage.  Shade,  if  used  at  all,  is  to  be  applied  and  justi- 
fied on  the  ground  that  it  will  preserve  the  moisture  of  the  soil  or  of 
the  atmosphere  or  serve  some  other  cultural  purpose.  B3'  conserving 
the  soil  moisture,  clean  culture  may  produce  some  of  the  desirable 
effects  conmionly  ascribed  to  shade.  Open  culture  may  be,  and  prob- 
ably is,  less  advisable  than  either  clean  culture  or  a  moderate  shade 
culture. 

Open  culture  with  relatively  little  cleaning  at  first  would  be  more 
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prac'ticable  if  the  weeds  and  undergrowth  cut  down  in  the  dry  season 
could  \)e  left  spread  over  the  ground.  TJiis  would  do  more  to  con- 
serve the  moisture  of  the  soil  than  the  same  vegetation  alive,  but  the 
danger  of  fire  will  in  most  localities  forbid  the  use  of  this  method  of 
culture. 

If  the  pre^sent  question  could  be  settled  by  deciding  whether  or  not 
Castilla  needs  to  be  protected  from  the  sun,  it  would  be  easy  to  estab- 
livsh  the  negative  view;  but  with  shade  recognized  as  a  means  of 
influencing  natural  conditions  of  soil  or  climate  it  Ix^comes  evident 
that  each  planter  will  need  to  use  his  best  judgment  in  determining 
what  local  conditions  require.  In  Costa  Rica  Koschny  advises  the 
thinning  of  the  forest  by  the  removal  of  two  or  three  trees  out  of 
every  five.  At  La  Zacualpa  more  are  cut  out  (PI.  XV).  Some  of 
the  planters  on  the  Isthmus  of  Tehuantepec  practice  clean  culture. 
No  general  principles  will  determine  which  is  best,  because  no  one 
method  is  applicable  everywhere. 

RELATIVE   COST  OF  SHADE  CULTURE. 

It  must  be  remembered,  in  addition,  that  the  planter  finds  himself 
compelled  to  decide  not  what  will  be  the  best  for  the  rubber  trees, 
but  what  is  the  best  he  can  afford  to  do  for  them.  Is  it,  for  example, 
good  policy  to  use  labor  and  ciipital  in  keeping  a  tract  of  planted  land 
clean,  or  Avill  more  be  gained  ultimately  if  one  contents  himself  with 
somewhat  slower  growth  and  improves  the  opportunity  of  planting 
additional  tracts  with  trees  that  can  also  be  growing?  Careful  com- 
parative experiments  might  be  necessary  for  an  answer,  and  this  might 
differ  for  different  localities. 

BFFBCr  OF  SHADE  ON   FORM   OF  TREE. 

There  are  great  and  persistent  differences  of  shape  or  "habit" 
among  trees.  The  Lombardy  poplar  and  the  weeping  willow  are  not 
distant  relatives.  It  is  a  general  fact,  however,  that  forest  trees  are 
taller  and  more  slender  than  those  of  the  same  species  grown  in  the 
open.  The  low  spreading  habit,  which  is  desired  and  encouraged 
among  fruit  trees,  is  not  desirable  in  rubber-producing  species,  where 
a  large  expanse  of  trunk  is  needed  to  supply  the  milk  and  to  give 
opportunity  for  tapping  without  the  necessity  of  wounding  the  same 
place  too  often.  Castilla  trees  growing  alone  in  the  open  often  send 
out  permanent  branches  8  or  10  feet  from  the  ground,  while  those  in 
the  forest  may  have  from  20  to  40  feet  of  smooth  trunk  })efore  the 
permanent  branches  are  reached.  Open-grown  trees  may  have  large 
spreading  branches,  while  in  the  forest  or  under  close  planting  the 
main  axis  of  the  tree  continues  to  grow  upward  and  the  lateral 
branches  are  relatively  small. 

The  problems  of  nib]>er  culture  may  prove  in  this  respect  to  be 
directly  opposite  to  those  of  coffee,  where  the  formation  of  much  wood 
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in  proportion  to  leafage  is  a  sign  of  unfavorable  conditions  or  of  bad 
plantation  management.  It  does  not  follow,  however,  as  some  have 
seemed  to  suppose,  that  forest  shade  is  necessary  to  grow  long-trunked 
trees.  In  coffee  culture  it  is  plain  that  the  most  wood  is  formed  not 
by  shade  culture,  but  by  planting  close  in  the  open,  and  the  older- 
planted  trees  of  Castilla  at  La  Zacualpa,  if  not  as  slender  and  as  smooth- 
trunked  as  those  of  the  forest,  are  certainly  tall  and  slender  enough  to 
furnish  ample  evidence  that  open  culture  does  not  cause  a  low,  spread- 
ing growth,  if  the  trees  stand  close  enough  together  (PI.  I).  The 
Zacualpa  experiment  is  of  further  significance  in  this  connection, 
because  it  shows  that  a  harmful  degree  of  crowding  was  by  no  means 
reached.  In  numerous  instances  where  from  three  to  five  (PL  XII) 
trees  grew  in  a  cluster  their  trunks  were  each  equal  in  size  to  those  of 
many  of  their  neighbors  which  stood  alone.® 

Coffee  trees  which  stand  too  close  together  lose  the  use  of  their  lower 
branches,  which  become  interlaced  and  shade  one  another,  and  ulti- 
mately only  the  top  of  each  tree  continues  to  grow  and  produce  fruit 
The  planter  must  choose  a  middle  course  between  the  injury  of  his 
bearing  trees  by  crowding  and  the  waste  of  capital  and  labor  in  keep- 
ing clean  unused  land  between  trees  planted  too  far  apart.  With  the 
rubber  tree  the  seed  is  a  consideration  entirely  secondary'  to  the  growth 
of  the  trunk.  In  comparison  with  coffee  it  may  be  said  that  the  crowd- 
ing of  rubber  trees  is  desirable,  and  that  it  finds  its  limit,  not  in  the 
discouragement  of  lateral  branches,  nor  even  in  the  lessening  of 
the  size  of  the  individual  trees,  but  in  the  decrease  in  the  amount  of 
rubber  which  can  be  produced  on  a  given  area  of  land. 

SHADE   AND   RUBBER   PRODUCTION. 

The  general  question  of  shade  can  not,  however,  be  treated  as  closed 
until  its  influence  on  the  yield  of  rubber  has  been  tested  by  careful 
experiment.  From  the  facts  given  on  previous  pages  it  appears  very 
improbable  that  less  rubber  will  be  fonned  in  the  open  thati  under 
shade;  the  difficulty,  if  an}^,  is  likely  to  arise  in  connection  with  the 
extraction  of  the  rubber.  The  desirability  of  tall  trunks  to  afford  a 
large  tapping  surface  has  been  noted  already,  but  there  may  be  other 
disturlring  factors.  The  pressure  of  the  liquids  inside  a  tall  columnar 
trunk  may  be  greater  than  if  it  were  thicker  and  shorter,  so  that  more 
milk  would  be  forced  out  on  tapping.  The  bark  of  trees  more  exposed 
to  wind  and  sunlight  becomes  thicker  and  there  may  be  differences  in 
texture  which  would  affect  the  flow  of  milk.  The  air  is  much  drier 
outside  than  inside  the  forest,  and  this  might  soon  impede  the  flow  of 
milk,  though  this  suggestion  seems  to  be  negatived  by  the  fact  that 

«  Planting  in  clusters  might  be  advisable  on  some  accounts,  since  the  trees  would 
better  shade  their  trunks  and  the  ground  under  them,  but  the  difficulty  of  properly 
tapping  such  trees  would  seem  to  exclude  this  method  of  culture. 
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milk  flows  more  freely  from  wild  Gustilla  on  the  dry  Pacitie  slope  of 
Mexico  and  Central  America  than  in  the  more  himiid  districts  of  the 
Atlantic  side. 

A  recent  writer  on  the  shade  question  claims  to  have  discovered 
that,  while  planting  under  partial  shade  hinders  the  growth  of  the 
tree^,  it  greatly  increases  the  yield  of  rubber.  The  managing  director 
of  a  rubber  plantation  operating  in  Mexico  writes  as  follows  to  the 
India  Rubber  World: 

We  are  planting  in  the  partial  shade;  a  great  many  planters  are  planting  in  open 
sanlight.  My  hone£«t  opinion  is  that  every  one  who  has  planted  in  opent^unlight 
will  get  a  tree  50  per  cent  larger  in  five  or  six  years  than  we  in  the  partial  shade. 
On  the  other  hand,  we  will  get  from  60  to  75  per  cent  more  rubber  from  a  small  tree 
than  they  do  from  a  large  one.  About  three  months'  careful  study  was  made  of  this 
proiKjeition;  the  trees  were  tapped  both  in  the  shade,  partial  shade,  and  open  sun- 
light, and  the  results  carefully  tabulated  by  a  committee  of  which  I  was  not  a 
mennber. 

It  is  easy,  however,  to  understand  how  such  an  opinion  could  be 
fornied  if  the  experiments  in  tapping  were  made  at  a  time  when  the 
trees  planted  in  the  open  were  drier  than  those  in  the  shade,  and  such 
a  difference  would  be  especialh'  pronounced  in  young  trees.  This 
observer  did  not  find  that  the  milk  was  richer  in  rubber  in  the  shade, 
but  merely  that  at  a  certain  time  more  milk  flowed  from  the  shaded 
tree  than  from  the  unshaded  tree.  This  would  not,  however,  be  an 
argument  for  shade  planting  unless  it  were  shown  that  the  unshaded 
trees  would  not  at  any  other  time  yield  more  milk.  It  is  quite  prob- 
able that  shaded  and  unshaded  trees  might  need  to  be  tapped  at  differ- 
ent times  to  secure  a  maximum  flow,  or  it  might  be  found  that 
unshaded  trees  could  be  tapped  with  impunity  more  frequently  than 
the  others,  and  thus  afford  a  larger  annual  yield.  The  flow  of  milk 
does  not  depend  so  much  upon  the  amount  in  the  tree  as  upon  the 
pressure  existing  at  the  time  the  tree  is  tapped.  The  indications  are 
that  pressure  attains  its  greatest  intensity  in  trees  which  are  exposed 
for  a  part  of  the  time  to  a  relatively  dry  atmosphere  and  which  are 
accustomed,  as  it  were,  to  pump  water  rapidly  to  supply  the  leaves. 
Such  trees  may,  on  the  contrary,  yield  no  milk  at  all  when  the  water 
supply  is  deficient.  It  may  be  expected,  therefore,  that  open  culture 
will  require  much  more  careful  attention  to  the  time  of  tapping.  This 
may  prove  a  disadvantage  if  it  requires  all  the  trees  of  a  large  planta- 
tion to  be  tapped  on  the  same  day  or  in  the  same  week,  but  this  is  not 
likely.  On  the  other  hand,  tapping  at  the  right  time  would  mean  the 
drawing  of  a  larger  amount  of  milk  from  a  smaller  cut,  a  saving  of 
labor,  and  a  lessening  of  injury  to  the  trees. 

The  above  considerations  make  it  easy  to  understand  also  that  writers 
acquainted  with  humid  districts  commonly  refer  to  the  rubber  harvest 
as  occurring  in  the  dry  season,  while  in  the  drier  regions,  as  in  Soco- 
nusco,  the  beginning  of  the  rainy  season  is  the  recognized  time,  when 
the  tree's  demand  for  water  is  largest  and  the  internal  pressure  highest. 
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LEGITMINOI'S  HFIADE  TKEEK  TO   BE   PKEFERKEl). 

Where  the  policy  of  thinning  out  the  forest  is  followed  the  question 
arises  as  to  which  trees  are  to  be  left  and  which  cut  down.  A  studv 
of  coffee  and  cacao  culture  has  revealed  the  probability  that  much  of 
the  benefit  ascribed  to  shade  is  due  in  reality  to  the  nitrogen  furnished 
by  the  bacteria  of  the  root  tubercles  of  the  leguminous  trees  which 
are  preferred  in  all  countries  where  the  shade  culture  of  coffee  has 
become  popular.  If  shade  trees  are  to  be  planted  with  rubber,  they 
must  be  different  from  the  species  of  Inga  which  are  preferred  for 
coffee  shade  in  Mexico  and  Central  America,  for  the  reason  that  Cas- 
tilla  grows  faster  than  Inga.  Some  leguminous  trees,  however,  grow 
with  great  rapidity  and  may  be  able  to  outstrip  the  rubber.  No  com- 
parative experiments  seem  to  have  been  made.  If,  as  suggested 
above,  shade  trees  are  more  useful  as  windbreaks  than  for  the  shadow 
they  cast  on  the  rubber,  the  planting  of  fruit  trees  like  the  mango  or 
other  useful  species  in  rows  or  hedges  would  be  preferable  to  scatter- 
ing them  amongst  the  rubber. 

DISTANCE   BETW'EEN   TREES. 

As  yet  thei-e  have  been  no  experiments  3  ielding  any  definite  infor- 
mation on  the  above  point,  but  the  recent  trend  of  opinion  among 
planters  seems  to  be  distinctly  in  the  direction  of  closer  planting. 
There  has  been  a  gradual  decline  from  20  feet  and  upward  l)etween 
trees  to  12  feet  and  under. 

The  questions  of  shade  and  of  distance  between  trees  are  closely 
related  and  need  to  be  considered  together  because  several  of  the 
argiunents  for  shade  can  be  met,  wholly  or  partially,  b}^  close  plant- 
ing. The  tirst  of  these  is  that  of  the  greater  expense  incidental  to 
open  culture.  The  frequenc}'  with  which  the  land  requires  to  1)6 
cleaned  and  the  period  of  years  during  w^hich  it  would  be  necessary 
to  continue  such  cleaning  depends  largely  upon  the  amount  of  over- 
head shade  present  to  discourage  the  undergrowth.  Some  plantoi"s 
on  the  Isthmus  of  Tehuantepec  are  evidently  taking  advantage  of  this 
fact  and  are  setting  close,  with  the  intention  of  removing  alternate 
trees  before  they  are  large  enough  to  injure  their  neighbors  by  crowd- 
ing; and  it  is  expected  that  if  they  are  ''tapped  to  death''  they  can 
be  made  to  yield  enough  rubber  to  more  than  cover  the  expense  of 
planting.  At  least  there  seems  to  be  no  reason  why,  if  the  land  is  to 
be  cleared,  it  should  not  be  made  to  produce  as  much  rubber  as  possi- 
ble instead  of  being  planted  with  useless  trees  for  a  purpose  which 
can  be  attained  quite  as  fulh^  by  setting  the  rubber  trees  closer 
together. 

There  is  danger,  however,  that  any  suggestion  which  promises 
earlier  returns  from  rubber  culture  will  be  overdone.  The  rubber  of 
very  young  trees  is  of  low  grade  and  expensive  to  collect;  also  it 
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would  Vk?  very  poor  policy  to  risk  perinunent  injury  from  weiik  spind- 
ling growth,  which  overcrowding  would  undoubtedly  cause.  More  is 
likely  to  be  lost  than  gained  by  trees  standing  at  less  than  s  feet  for 
even  a  few^  years.  Better  than  uniform  close  planting  would  Ikj  to  set 
the  north  and  south  rows  farther  apart  than  the  trees  in  the  rows. 
With  a  given  number  of  trees  this  would  secure  the  maximum  of 
shade  on  the  ground,  because  the  morning  and  afternoon  sun  would 
not  shine  down  the  rows.  The  cleaning  of  the  land  or  the  cultivation 
of  a  catch  crop  or  a  shade  crop  between  the  rows  would  also  be  facili- 
tated. The  distances  would  depend  on  the  size  which  the  Castilla 
trees  were  expected  to  attain  in  any  given  loi*ality,  the  rows  from  12 
to  20  feet  apart,  the  trees  from  8  to  12  feet  in  the  rows  being  fair 
average  estimates. 

METHODS   OF   CLEARIN(5    LAND   FOR   RLT^BER   FLANTINCi. 

The  question  of  shade  is  also  involved  with  that  of  the  method  of 
clearing  the  land.     It  is  an  almost  universal  custom  in  tropical  coun- 
tries to  cle4ir  land  by  burning  the  dried  forest  growth  which  has  been 
cut  down.     In  fact,  the  primitive  agriculture  of  the  nativ(»s  of  tropical 
regions  could  scarcely  be  conducted  on  any  other  l)asis.   ■  There  is 
niuch  loss  of  feilility  by  the  destruction  of  vegetable  matter  and  humus, 
but  the  amount  of  la])or  required  to  thoroughly  clear  a  piece  of  forest 
land  in  the  Tropics  is  prohibitively  great.     The  fire  not  only  removes 
the  tangled  mass  of  brush,  but  it  performs  an  even  more  useful  serv- 
ice  m  killing  the  stumps  and  roots  which  would  otherwise  reoccupy 
the  land  with  new  growth  in  a  few  wrecks,  and  would  remain  indefinitely 
to  dispute  possession  with  anything  which  might  be  planted.     To  grow 
a  herbaceous  crop  on  unburned  land  under  such  conditions  would  be 
extremely  difficult,  but  a  tree  culture  is  much  more  feasible,  though 
whether  the  method  of  partial  clearing  is  to  be  generally  advised  is 
not  so  certain.     The  gain,  if  any,  is  more  likely  to  be  found  in  the 
•sustained  fertility  of  the  soil  than  in  an}'  saving  of  labor  in  clearing 
and  cleaning  the  land;  for  although  there  may  be  a  saving  at  first  which 
will  permit  an  enterprise  to  reach  a  paying  basis  sooner,  yet  there  is 
in  prospect  a  long  and  expensive  struggle  with  the  persistent  natural 
vegetation  rooted  in  the  soil.     Moreover,  it  should  be  recognized  that 
the  conditions  under  which  a  plantation  is  set  out  in  a  partially  cleared 
forest  are  of  necessity  only  temporary.     Many  of  the  forest  trees 
will  not  long  sui^vive  the  unwonted  exposure  to  greater  dryness  and 
heat  and  to  the  attacks  of  parasites.     The  thinning  of  the  forest  greatly 
increases  the  force  of  the  wind  against  the  remaining  tall  trees,  and  in 
falling  these  will  injure  the  rubber  trees  and  will  often  require  to  be 
cut  away  not  merely  at  one  point,  but  at  several  points.     Whatever 
fte  merits  of  the  case  from  the  standpoint  of  the  stockholder,  the  plan- 
tation manager  of  the  future  is  very  likely  to  wish  that  his  predeces- 
sors had  adopted  clean  culture.     The  overhead  shade  which  discourages 
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the  undergrowth  will  also  discoumge  the  rubber,  and  the  decrease  of 
such  shade  will  increase  the  competition  of  the  undergrowth  with  the 
rubber.  The  ideal  of  rubber  culture  does  not  require  a  roof  of  shade 
over  the  rubber  trees  nor  a  dense  growth  of  bushes  and  vines  under 
thenfi.  The  roof  should  be  of  Castilla  foliage,  and  the  ground  should  be 
covered  by  a  mulch  of  dead  leaves  and  branches,  which  enrich  the  soil 
and  assist  in  the  retention  of  moisture. 

CLEAN  ^CULTURE  WITH   FOREST  PROTECTION. 

If,  then,  the  requirements  met  by  close  planting  be  eliminated  from 
the  shade  question  there  remains  little  beyond  the  fact  that  in  districts 
in  which  the  dry  season  is  unduly  long  it  may  be  unwise  to  shorten 
the  period  of  growth  by  cultural  methods  which  increase  the  daily 
exposure  to  too  dry  an  atmosphere,  as  there  can  be  no  doubt  that  the 
clearing  of  large  tracts  of  land  will  mean  warmer  and  relatively  drier 
air,  and  that  the  dryness  of  the  air  near  the  ground  will  be  further 
increased  by  the  wind,  against  which  the  forest  will  no  longer  afford 
protection.  It  might  accordingly  be  good  policy  on  large  estates  not 
to  clear  continuous  tracts  for  planting,  but  to  leave  belts  of  forest  to 
break  the  wind  and  keep  the  atmosphere  moist.  This  method  would 
be  particularly  convenient  where  the  land  is  to  be  cleared  by  burning, 
since  in  a  tropical  forest  the  trees  often  grow  with  their  branches  inter- 
laced or  are  bound  together  by  large  climbing  vines  or  lianas,  so  that 
it  is  often  much  easier  to  clear  an  entire  strip  of  forest  than  to  leave 
individual  trees  standing  at  anything  like  regular  intervals. 

METHODS  OF   HANDLING   (U8TILLA   SEEDS. 

The  thin-skinned  seeds  of  Castilla,  like  those  of  so  many  other  trop- 
ical plants,  are  adapted  only  for  germinating  on  the  moist  soil  of  the 
forest.  Instead  of  having  a  hardened  shell  for  protection,  there  has 
developed  only  a  fleshy  pulp,  which  in  nature  helps  them  to  remain 
moist  until  the  rains  begin.  They  are  able  to  resist  exposure  to  even 
a  moderately  dry  atmosphere  for  only  two  or  three  weeks,  and  if  packed 
together  in  any  quantity  they  spoil  even  more  promptly.  The  perish- 
ability of  the  seeds  has  been  a  considerable  obstacle  in  the  planting 
of  Castilla,  and  especially  in  its  introduction  into  foreign  countries. 
The  first  shipment  of  7,000  seeds  secured  by  the  government  of  British 
India  from  Panama  in  1875  was  a  total  loss,  and  the  introduction  was 
made  by  means  of  a  few  cuttings,  carried  around  by  way  of  England. 
Later  the  Kew  Botanical  Gardens  sent  rooted  cuttings  also  to  Liberia 
and  to  the  Kamerun  River  settlements  in  West  Africa,  to  Zanzibar, 
Mauritius,  Java,  and  Singapore,  as  well  as  to  Jamaica  and  Granada  in 
the  West  Indies. «    In  1880  the  largest  of  the  Ceylon  trees  was  17  inches 

«W.  Thistleton  Dyer,  Trans.  Linnjpan  Soc,  Ix)ndon,  2d  ser.,  2:214,  188i5. 
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in  circumference  a  yard  from  the  ground,  and  in  1881  they  flowered 
for  the  firet  time.  The  first  flowers  were  all  staminate,  but  a  few  seeds 
were  produced  in  1882,  and  these  and  their  successors  have  furnished 
the  basis  of  the  experiments  with  Castilla  in  the  East  Indies.  The 
relatively  unfavorable  results  may  be  due,  at  least  in  part,  to  the  fact 
that  the  Panama  tree  is  different  from  that  of  Mexico  and  Guatemala, 
which  was  sent  to  the  East  Indies  only  in  recent  years,  after  better 
methods  of  packing  the  seeds  had  been  learned. 

The  preservation  of  the  seeds  depends  upon  their  being  kept  moist 
enough  to  remain  alive  and  at  the  same  time  dry  enough  to  discourage 
germination.  Some  advise  washing  the  seeds;  others  leave  the  pulp 
adhering,  but  the  latter  course  has  the  disadvantage  of  encouraging 
the  growth  of  molds  and  bacteria,  which  readily  penetrate  the  thin 
outer  membranes  and  attack  the  embryo  itself.  Several  packing 
materials,  such  as  leaf  mold,  sand,  and  sawdust  have  been  suggested, 
but  the  best  is  probably  powdered  charcoal,  which  does  not  decompose 
nor  harbor  organisms. 

The  following  statements  from  some  who  have  experimented  with 
shipment  of  Castilla  seeds  may  be  of  suggestive  interest: 

In  Trinidad  they  are  gathered  when  fully  mature,  washed,  and  slightly  drieti  in 
the  shade.  They  are  then  shipped  in  a  sort  of  humus  composed  of  fil)er8  of  rotten 
cocoanut  husks  and  a  little  earth.  This  mixture  must  be  somewhat  moist.  The 
seeds  soon  germinate  in  it  and  so  remain  for  several  weeks.  Sowing  must  be  done 
with  great  care  on  account  of  the  long  sprouts. 

I  also  collected  the  mature  seeds  and  washed  them  thoroughly,  so  that  no  trace  of 
the  fleshy  red  pulp  remained  on  them.  Then  they  were  dried  in  the  shade  from 
twenty-four  to  forty-eight  hours,  and  then  mixed  with  sawdust  and  packed  in 
snail  tin  boxes  10  centimeters  (4  inches)  square  and  3  centimeters  (1.2  inches)  deep. 
I  dropped  a  few  drops  of  wat^r  on  the  sawdust  before  closing  the  box.  With  this 
Packing  the  seeds  were  sent  to  Berlin,  and  from  there  forwarded  to  Kamerun  and 
^t  Africa,  and  50  per  cent  of  them  were  on  arrival  still  good  and  in  condition 
to  germinate. « 

A  shipment  of  2,000  Castilla  seeds  sent  from  Paris  to  Peradeniya, 
Ceylon,  packed  in  leaf  mold  io  four  tin  boxes,  was  opened  in  six  weeks, 
to  find  37  per  cent  still  alive  and  the  remainder  destroyed  by  molds 
and  bacteria.  This  made  it  evident  that  leaf  mold  was  not  a  desirable 
niedium  and  sterilized  sand  was  suggested  instead.* 

The  seeds  were  carefully  cleaned  of  all  pulp,  and  then  dried  slightly  in  the  shade 
and  packed  in  shallow  tins  with  powdered  charcoal  slightly  damp.  By  this  method 
they  commence  to  germinate  in  the  tins.  Care  must  be  taken  that  the  seeds  do  not 
touch  each  other,  for  if  too  many  are  packed  together  it  will  cause  heating  and  the 
loss  of  the  whole,  c 


^Dr.  Paul  Preuss,  Expedition  nach  Central-  und  Sud-Amerika,  1901,  p.  383. 
^Agric.  Bui.,  Straits  Settlements,  1:580.    Dec,  1902. 

^Letter  from  Mr.  W.  S.  To<id,  Amherst,  Lower  Burma,  to  Mr.  Edgar  Brown,  in 
charge  of  Seed  Investigations,  U.  S.  Department  of  Agriculture. 
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It  was  leariiod  also  that  rubber  seeds  packed  in  charcoal  and  shipped 
from  one  of  the  plantations  of  the  Isthmus  of  Tehuantej)ec  to  the  East 
Indies  had  arrived  in  good  condition  after  a  journey  of  fortj^-iive  days. 

SEED  BEDS  AND  NURSERIES. 

Whether  it  is  lietter  to  plant  the  seeds  where  the  trees  are  to  stand 
or  to  sow  them  in  nurseries  from  whic^h  the  seedlings  are  to  l>e  subse- 
quently transplanted  is  one  of  the  many  questions  on  which  opinions 
differ,  though  the  latter  method  commands  a  large  majority  of  prefer- 
ences. Of  2^6  plantations  from  which  reports  have  recently  been 
published  by  the  India  Rubber  World,  only  3  plant  ^'at  the  stake" 
exclusivelv. 

At  La  Zacualpa  Mr.  Harrison  has  tried  planting  in  the  permanent 
location,  but  finds  that  the  very  young  seedlings  are  liable  to  lie 
destroyed  by  insects  and  that  the}^  do  not  grow  as  well  in  partial 
shade  2^  in  the  full  sun.  But  instead  of  leaving  the  plants  in  the 
nursery  for  a  year,  transplanting  begins  when  the}-  are  six  weeks  old, 
or  when  the  plants  are  from  10  to  12  inches  high,  and  continues  to 
near  the  end  of  the  rains,  no  nurseries  being  carried  over  the  dry 
season.  These  are  considerable  deviations  from  the  methods  which 
have  been  described  in  previous  publications  on  rubber  culture,  most 
of  which  advocate  the  shading  of  the  nurseries  and  the  postjK)nement 
of  transplanting  till  the  seedlings  are  a  year  old.  It  is  claimed  at 
La  Zacualpa  that  the  small  trees  suffer  less  from  tmnsplanting  and 
that  they  are  larger  at  the  end  of  two  years  than  if  they  had  remained 
in  the  nursery  for  a  year. 

The  seed  beds  at  La  Zacualpa  are  made  each  year  in  a  new  place 
convenient  of  access  to  the  tracts  which  are  to  be  planted.  W^hile  the 
nurseries  are  not  shaded  overhead,  they  are  generally  located  in  clear- 
ings in  the  forest,  where  they  have  considerable  protection  against 
dry  wind.  The  drying  out  of  the  soil  would  doubtless  be  fatal  to 
young  seedlings,  but  if  the  soil  and  air  are  sufficiently  moist  the  sun 
does  not  harm  them. 

The  land  used  for  nurseries  is  cleaned  ])v  burning,  though  this  is 
not  the  case  at  La  Zacualpa  with  the  plantation  proper.  When  older 
seedlings  are  transplanted  it  is  customar}',  as  with  coffee,  to  cut  the 
taproot  down  to  5  or  6  inches,  mther  than  to  plant  it  bruised  or  bent. 
If  the  soil  is  loose  and  fertile  the  seedlings  are  set  in  holes  made  with  a 
pointed  stake;  elsewhere  it  is  better  to  dig  holes,  as  with  coffee.  Cas- 
tilla  is  not  a  delicate  plant,  and  will  endure  any  reasonable  treatment 
The  worst  danger  seems  to  be  that  with  long-continued  min  and  defi- 
cient drainage  the  young  plants  will  rot  off,  or  they  may  be  killed  by 
drought  if  planted  too  near  the  end  of  the  rainy  season.  For  those 
which  have  not  become  sufficiently  established  before  the  coming  of 
dry  weather  artificial  shade  may  be  provided.     At  La  Zacualpa  one 
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of  the  tracts  which  represented  an  experiment  in  open  planting  had 
eatli  young  seedling  covered  with  a  hood  made  of  leaves  of  the  manaca 
palm  (Attalea). 

PROPAGATION   OF  CA8TILLA   FROM   CUTTINGS. 

Under  favorable  conditions  Castilla  roots  readily  from  cuttings. 
Between  Pueblo  Nuevo  and  Huitzla,  along  the  road  from  Tapachula 
to  La  Zacualpa,  there  is  a  row  of  several  trees  planted  as  fence  stakes, 
but  at  present  flourishing  in  an  entirel}'^  normal  manner.  That  trees 
raised  from  cuttings  are  not  stunted  or  otherwise  abnormal  is  also 
shown  by  many  other  instances  in  the  neighborhood  of  Tapac^hula. 
Indeed,  this  was  the  origin  of  the  largest  tree  observed  (PI.  IX).  It 
measured  7  feet  in  circumference  about  5  feet  from  the  ground. 
It  was  about  33  feet  to  the  first  limb  and  the  total  height  was  estimated 
at  SO  feet.  The  owners  claim  that  it  has  yielded  6  pounds  of  rubber. 
It  had  apparently  not  been  ^pped  as  persistently  as  trees  at  La 
Zacualpa,  perhaps  because  pro^ted  from  "  huleros"  b}'  standing  close 
to  a  house.  Milk  flowed  freely  from  a  knife  cut,  and  appeared  to  be 
rich  in  rubber.  Natives  claimed  that  an  arroba  (about  25  pounds)  of 
lubber  could  be  obtained  from  such  a  tree  by  the  methods  used  by 
them  in  the  forest.  This  tree  was  further  notable  in  that  it  had 
apparently  grown  up  in  the  open  and  without  near  neighl>ors. 

The  propagation  of  Castilla  from  cuttings  ha.s  already  ])een  men- 
tioned as  the  quickest  method  of  bringing  about  the  selective  improve- 
ment of  Castilla.  It  is  not  known  that  any  plantations  have  been 
stocked  with  cuttings,  presumably  because  in  localities  where  they 
could  have  been  obtained  seedlings  could  be  had  more  readily  and  in 
larger  numbers.  Indeed,  wood  suitable  for  cuttings  does  not  exist 
in  very  large  quantities  even  in  a  well-grown  tree,  because  the  false 
or  tempoi'ary  branches  can  not  be  used  for  this  purpose.  Like  the 
lateral  branches  of  some  of  the  coniferous  trees,  they  are  unable  to 
give  rise  to  normal  terminal  buds,  so  that  even  if  false  branches  could 
be  rooted  they  would  not  produce  normal  trees.  The  failure  of  such 
experiments  has  been  reported  from  British  India. 

Planters  resident  in  regions  in  which  wild  rubber  trees  exist  could 
try  a  useful  experiment  by  planting  in  rows  cuttings  taken  from 
different  wild  trees  known  to  be  above  or  below  the  average  in  pro- 
ductiveness. This  would  enable  them  to  determine  whether  the  dif- 
ferences of  yield  were  due  to  the  external  conditions  or  to  causes 
inherent  in  the  trees  themselves.  The  probability  is  that  very  appre- 
ciable individual  differences  of  productiv^eness  will  be  found,  and  that 
a  distinct  advantage  can  be  secured  by  using  cuttings  of  such  trees 
for  propagating  purposes. 

The  fact  that  stakes  5  or  6  feet  long  and  2  or  3  inches  through  take 
root  and  grow  when  simply  set  in  the  ground  shows  that  propagation 
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from  cuttings  will  be  easy.  The  larger  the  cutting  the  more  promptly 
the  tree  may  be  expected  to  reach  maturity.  Probably  also  the 
mature  wood  will  root  better  than  the  succulent  young  shoots,  as  with 
many  other  tropical  trees. 

CASTILIA   AS  A   SHADE  TREE. 

The  substitution  of  Castilla  or  other  rubber-producing  species  for 
the  unproductive  shade  trees  commonly  grown  with  coffee,  cacao,  and 
other  tropical  crops  has  been  persistently  advocated  ever  since  the 
subject  of  rubber  culture  l>egan  to  receive  popular  attention.  The 
advantage  of  such  a  plan  appears  so  obvious  and  certain  that  nmny 
experienced  tropical  agriculturists  have  been  betrayed  into  direct  and 
even  emphatic  statements  for  which  the  facts  have  unfortunately 
failed  to  provide  a  wari-ant.  Indeed,  it  might  be  said  that  this  phase 
of  rubber  culture  affords  the  best  illustration  of  the  lack  of  definite 
knowledge  which  hinders  practical  progress. 

In  the  first  place,  the  shading  of  coffee  and  cacao  Ls  a  subject  upon 
which  there  is  much  popular  misconception  and  difference  of  opinion, 
the  planters  of  some  regions  shading  heavily  and  those  of  others  not 
at  all,  and  explaining  their  methods  by  the  most  contradictory  vgb,- 
sons/'  It  seems,  however,  that  there  is  not  the  slightest  reason  to 
believe  that  either  coffee  or  cacao  is  injured  by  standing  in  the  sun- 
light or  is  in  any  way  atlvantaged  ])y  having  its  leaves  shaded,  though 
in  countries  subject  to  a  long  dry  season  the  shading  of  the  ground 
and  the  retention  of  atmospheric  humidity  may  be  beneficial  cultural 
measures.  That  Castilla  is  in  no  way  adapted  for  serving  these  pur- 
poses is  apparent  as  soon  as  it  is  known  that  wherever  there  is  a  dis- 
tinct dry  season  the  leaves  fall  off  at  exac^tly  the  time  when  they  are 
most  needed.  It  is  true  that  thcv  would  still  be  of  some  service  in 
covering  the  earth,  but,  on  the  other  hand,  the  loss  of  the  accustomed 
shade  renders  the  atmosphere  much  drier  and  may  be  a  distinct  injury 
to  the  coffee. 

Not  only  does  Castilla  thus  lack  the  first  qualification  of  a  shade 
tree,  but  its  cultural  requirements  and  those  of  coffee  are  entirely  at 
variance.  Castilla  seems  likely  to  produce  rubber  in  paying  quanti- 
ties only  at  low  elevations,  while  the  profitable  cultivation  of  coffee  is 
seldom  considered  possible  at  an  altitude  of  less  than  1,000  feet.  In 
elevated  continuouslv  humid  coffee  districts  the  rubber  trees  will  hold 
their  leaves  but  will  produce  little  or  no  rubber,  while  to  choose  an 
intermediate  situation  would  be  more  likelv  to  insure  two  failures  than 
to  double  the  chances  of  success. 

It  is  reported  that  an  extensive  experiment  is  being  made  in  Salva- 
dor with  Castilla  as  a  shade  tree  for  Arabian  coffee.*    The  altitude  is 


''  These  have  been  discussed  in  some  detail  in  Bulletin  No.  25,  Division  of  Botany, 
U,?.  Department  of  Agriculture,  entitled  "  Shade  in  Coffee  Culture." 
^DerTropenpflanzer,  6:542,  October,  U)02. 
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not  stated,  but  since  the  Castilla  at  two  years  from  planting  is  described 
as  only  3  to  8  feet  high  the  conditions  can  not  be  regarded  as  favorable. 

The  suggestion  of  Castilla  for  cacao'shade  is  somewhat  more  rational, 
since  both  trees  are  natives  of  the  same  regions  of  low  elevation.  As 
noted  elsewhere,  rubber  was  first  planted  at  Tapachula  as  shade  for 
cacao,  but  the  experiment  did  not  appear  promising  from  the  stand- 
point of  the  cacao,  and  was  abandoned.  Some  of  the  cacao  trees  still 
remain,  but  they  have  never  been  vigorous  and  produce  very  little. 
Other  causes  of  failure  may,  of  course,  exist,  but  it  seems  certain  that 
the  close  planting  which  Ls  now  favored  would  make  a  rubber  planta- 
tion a  very  poor  plac^e  for  cacao,  and  there  is  ev  ery  reason  to  believe 
that,  while  cacao  may  not  be  benefited  by  shade,  it  may  be  seriously 
injured  by  sudden  exposure  to  the  sun,  as  happens  when  the  leaves  of 
Castilla  fall  in  the  drv  season. 

A  further  diflBculty  in  the  use  of-  Castilla  as  shade  is  that,  in  order 
to  permit  anything  to  grow  under  it,  wide  planting  is  necessary,  and 
this  usually  means  a  spreading  low  growth  for  the  rubber  trees, 
generally  considered  undesirable,  because  it  makes  the  extraction  of 
rubber  diflScult  if  it  does  not  actually  decrease  the  yield.  In  German 
New  Guinea,  for  example,  Castilla  has  been  planted  33  feet  apart  in 
alternation  with  cocoa  palms  as  shade  for  Liberian  cofl'ee.^'  It  would 
seem  that  all  three  trees  must  suffer  under  this  arrangement,  but  it 
will  be  interesting  to  learn  which  is  injured  least. 

Vanilla  culture  under  Castilla  has  also  been  suggested  and  may  be 
worthy  of  consideration,  since  it  is  held  that  a  period  of  dryness  and 
exposure  to  the  sun  is  necessary  for  the  proper  ripening  of  the  pods. 
To  successfully  combine  two  or  three  cultures  is,  however,  a  difficult 
matter,  even  when  all  are  well  known,  but  the  supposed  practicability 
of  such  combinations  has  rested  on  ignorance  of  important  details. 

Sevei'al  years  ago  the  culture  of  Castilla  received  a  considerable 
impetus  from  the  recommendation  of  Dr.  Daniel  Morris,  now  imperial 
commissioner  of  agriculture  for  the  British  West  Indies,  that  Castilla 
be  used  as  shade  for  coffee  and  cacao  in  British  Honduras,  and  an 
estimated  return  was  made  of  $5  per  tree  in  eight  or  ten  years  or  $126 
per  acre,  to  be  repeated  at  intervals  of  five  j-ears. 

According  to  Dr.  Carl  Sapper,  a  German  scientist  very  familiar  with 
Central  America,  this  advice  has  been  followed  with  disastrous  results. 
He  says: 

In  fact,  the  developments  thus  far  in  the  field  of  Castilloa  culture  show  on  the  aver- 
age ver>'  little  in  the  way  of  favorable  results.  Particularly  does  it  seem  to  have  failed 
completely  when  it  has  been  combined  with  other  tree  cultures  in  order  to  lessen  the 
expenses  of  opening  rubber  plantations.  Thus,  on  the  advice  of  the  well-known 
English  botanist,  D.  Morris  (then  in  Jamaica),  rubber  trees  were  planted  for  shade 
in  the  coffee  plantation  San  Felipe,  near  El  Cayo,  in  British  Honduras,  and  the  result 
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wafl  that  these  shade  trees  ruined  the  coffee,  but  did  not  on  the  other  hand  themsfselves 
develop  nonnally  because  they  were  plante<i  too  close.  In  other  places,  as  in  Taliasco, 
in  the  Dejxartment  of  Pichucaleo,  in. Chiapas,  and  in  Chania  (Department  of  Alta 
Verapaz,  Guatemala)  rubber  trees  were  used  for  shade  on  cacao  plantations;  but 
the  cacao  planters  tell  me  that  ule  trees  Impair  the  growth  of  the  caca*^  and  do 
further  damage  through  the  falling  of  the  leaves,  so  that  they  would  much  prefer  to 
be  rid  of  these  shade  trees  if  that  were  practicable.  In  other  instances,  where  the 
ule  was  planted  ))y  itself,  too  close  an  arrangement  was  chosen,  so  that  the  trees  were 
impeded  in  development  and  are  still  after  twelve  years  of  existence  mere  tall,  slen- 
der, unproductive  poles,  as  at  Los  x\ mates,  Department  Izabal,  Guatemala,  with  only 
four  yards  of  space. « 

It  seems,  however,  that  Dr.  Morris  has  a  favorable  report  regarding 
Castilla  as  a  shade  tree  for  cacao,  both  in  British  Honduras  and  in  the 
West  Indies,  and  his  former  advice  was  repeated  before  the  agricul- 
tural conference  of  the  West  Indies  in  1901.     He  said: 

In  188S  I  published  an  account  of  the  Castilloa  rubber  tree  of  British  Honduras 
and  the  manner  of  extracting  and  curing  the  rubber.  At  that  time  I  recommended 
that  these  trees  might  be  used  as  shade  trees  for  cacao.  A  trial  was  made  sixteen 
years  ago,  on  a  cacao  plantation  on  the  Settee  River,  and  I  learn  from  a  letter  from 
the  superintendent  of  the  lK>tanic  garden  at  Belize,  dated  November  8.  last,  that  the 
rubber  trees  have  answered  admirably  for  this  purpose.  He  writes:  ^*  At  Kendal 
on  the  Settee  River  the  cacao  plantations  are  thriving  well.  *  *  *  Castilloa  was 
plantetl  for  shade;  these  are  alpo  in  good  condition;  *  *  *  there  is  not  a  better 
tree  for  that  purpose."  I  am  glad  to  find  that  similar  results  are  report^l  from  Trin- 
idad and  Tobago.  '> 

The  report  from  Tobago,  to  w^hich  Dr.  Morris  refers,  is  particularly 
enthusiastic  and  seems  to  indicate  that  under  the  conditions  existing 
on  that  island  the  planting  of  Castilla  with  cacao  may  not  be 
inadvisable: 

I  find  that  cacao  bears  very  well  under  the  shade  of  Castilloa.  Nine  years  ago  I 
planted  an  acre  of  rubber  and  cacao  together — the  rubbers  at  24  feet  apart,  and  the 
cacao  12  feet — and  so  far  slp  I  have  noticed  there  is  very  little,  if  any,  difference  in 
the  l[>earing  of  these  cacrao  trees  and  those  under  the  shade  of  the  Bois  immcfrUBe^ 
On  finding  this,  I  planted  last  year  15  acres  in  the  same  manner,  and  there  is  ever)' 
reason  to  expect  that  in  another  eight  or  nine  years  they  will  give  a  gross  return  of 
about  50  pounds  per  actre.     Coffee  also  bears  well  under  C<iMilloa.  <" 

The  diflference  between  Castilla  and  leguminous  shade  trees  nmy 
become  apparent  in  later  years  as  the  nitrogenous  constituents  of  the 
soil  become  exhausted.  As  explained  elsewhere,  the  question  is  not 
whether  Castilla  can  })e  used  as  a  shade  tree,  but  whether  it  will  be 
productive  where  it  is  of  use  in  this  capacity. 

EXTBACTION  OF  THE  LATEX  OF  CASTILIiA. 

Scarcely  second  in  practical  importance  to  a  solution  of  cultural 
problems  is  the  attainment  of  satisfactory  methods  of  tapping.     The 
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object  is  not  merely  to  avoid  the  destruction  of  the  trees,  but  to  learn 
how  the  niaxhuuni  quantity  of  rubber  may  be  secured  with  the  least 
injury  to  future  productiveness.  The  planter  needs  to  know  how 
soon  younj^  rubber  trees  should  be  tapped,  how  the  incisions  should 
be  made,  how  close  together,  how  large,  and  in  what  direction;  how 
often  tapping  may  be  repeated,  at  what  seasons,  and  much  more. 

The  first  notion  of  the  visitor  from  the  United  States  is  that  it  will 
be  a  very  simple  matter  to  improve  on  the  rude  gashes  made  by  the 
machete  of  the  rubber  gatherer,  but  this  has  not  proved  to  be  easy. 
The  rubber  milk  is  not  the  sap  of  the  tree  and  can  not  be  drawn  out 
by  boring  holes  in  the  trunk,  as  is  done  with  the  sugar  maple.  The 
milk  does  not  pervade  the  tissues  of  the  tree,  but  is  contained  in 
delicate  tubes  running  lengthwise  in  the  inner  layers  of  the  bark,  and 
to  secure  milk  in  any  quantity  it  is  necessary  to  open  many  of  these 
tubes  by  wounding  the  bark.  The  rubber  is  formed  in  floating 
globule^s  inside  the  tubes  and  can  not  pass  through  their  walls,  so 
that  even  a  suction  apparatus  would  not  bring  it  out  unless  the  tubes 
were  cut. 

PRIMITIVE   METHODS   OF  TAPPING. 

The  method  b}-  which  the  natives  of  Soconusco  have  been  accustomed 
to  extract  the  milk  is  shown  in  Plate  XVI.  The  ulero  makes  with  his 
machete  diagonal  lines  of  gashes  (Plates  I  and  XII)  that  open  chan- 
nels along  which  the  milk  can  flow  until  it  is  all  brought  to  one  side 
of  the  tree,  whence  it  is  led  down  to  a  cavity  hollowed  in  the  ground 
and  lined  with  the  tough  leaves  of  Calathiea.  These  are  dexterouslj' 
lifted  up,  and  the  milk  is  poured  out  into  a  calabash  or  other  vessel 
and  caiTied  away  to  be  coagulated.  The  diagonal  channels  are  from 
2  to  3  feet  apart,  and  those  of  each  successive  tapping  are  inserted 
between  the  older  scars.  The  diagonal  lines  are  carried  well  around 
the  tree;  to  tap  it  on  the  other  side  requires  much  deeper  cuts  in 
order  to  pass  the  milk  across  the  older  grooves,  down  which  it  would 
otherwise  run  and  be  lost.  That  the  trees  at  La  Zacualpa  had  been 
able  to  survive  so  much  of  this  barbarous  treatment  and  were  still 
vigorous  and  heavily  laden  with. fruit  seems  to  indicate  great  tenacity 
of  life.  And  yet  even  this  rough  handling  represents  an  improve- 
ment upon  the  former  custom  of  cutting  the  trees  down  entirely  or 
hewing  steps  in  them  for  the  ulero  to  climb  up.  Instead  of  the  forked 
stick  used  as  a  ladder  at  La  Zacualpa  the  large  forest  trees  were 
ascended  for  30  feet  or  more  by  means  of  ropes,  vines,  climbing  irons, 
and  steps  cut  in  the  trunk.  The  following  is  a  description  of  a  method 
of  tapping  the  trees  in  the  forests  of  Nicaragua: 

When  the  collectoi's  find  an  untapped  tree  in  the  forest  they  first  make  a  ladder 
out  of  the  WsLasm  or  **veiucos'*  that  hang  from  every  tree.  This  they  do  by  tying 
short  pieces  of  wood  across  them  with  small  lianas,  many  of  which  are  as  tough  aa 
cord.    They  then  proceed  to  score  the  bark  with  cuts  which  extend  nearly  around  the 
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tree,  like  the  letter  V,  the  point  being  downward.  A  cut  hke  this  is  made  about 
every  3  feet  all  the  way  up  the  trunk.  The  milk  will  all  run  out  of  the  tree  in  about 
an  hour  after  it  ia  cut,  and  it  is  collected  into  a  large  tin  bottle  made  flat  on  onedde 
and  furnished  with  straps  to  fasten  onto  a  man's  back.  A  decoction  is  made  from  a 
liana  ( Calonyclion  speciosum),  and  this,  on  being  added  to  the  milk  in  the  propK>rtioo 
of  1  pint  to  the  gallon,  coagulates  it  to  rubber,  which  is  made  into  round,  flat  cakes. 
A  large  tree,  5  feet  in  diameter,  will  yield,  when  first  cut,  about  20  gallons  of  milk,  each 
gallon  of  which  makes  2J  pounds  of  rubber.  I  was  told  that  the  tree  recovers  from 
the  wounds  and  may  be  cut  again  after  the  lapse  of  a  few  months;  but  several  I  saw 
were  killed  through  the  large  harlequin  beetle  {Acrocinus  Icmgimanus)  laying  its  eggs 
in  the  cuts,  and  the  grubs  that  are  hatched  boring  great  holes  all  through  the  trunk. 
When  these  grubs  are  at  work  you  can  hear  their  rasping  by  standing  at  the  l)ottom 
of  the  tree,  and  the  wood  dust  thrown  out  of  their  burrows  accumulates  in  heaps  on 
the  ground  below." 

AGE  AT  WHICH  PLANTED  TREES  MAY  BE  TAPPED. 

The  earliest  age  at  which  Castilla  trees  may  be  tapped  with  safety 
and  advantage  has  been  stated  all  the  way  from  four  to  twelve  j'ears, 
while  from  eight  to  ten  years  is  the  conservative  estimate.  At  the 
same  time  it  must  be  admitted  that  little  in  the  way  of  positive 
knowledge  exists  on  this  point,  and  careful  experiments  may  be  nec- 
essary to  determine  whether,  for  example,  the  taking  of  half  a  pound 
of  rubber  from  each  tree  in  the  sixth  year  will  retard  growth  so  as 
to  diminish  the  yield  of  succeeding  years.  As  the  trees  approach 
maturity  and  have  occupied  most  of  the  available  space,  as  much  may 
be  taken  as  will  not  weaken  the  tree  and  shorten  its  life. 

The  inferior  quality  of  the  rubber  obtained  from  young  trees  also 
lessens  the  inducement  for  tapping  them.  It  has  been  known  for 
several  years  that  the  rubber  and  gutta-percha  obtained  from  young 
plants  or  from  the  leaves  and  twigs  of  the  trees  is  different  from  that 
yielded  by  a  trunk  of  mature  age,  in  that  a  smaller  or  larger  percent- 
age of  rubber  is  replaced  })y  nonelastic,  brittle,  or  stick}'  substances 
commonly  referred  to  as  *•*  resins."  Dr.  C.  O.  Weber  has  recently 
published  the  following  results  of  analyses  of  samples  of  rubber  from 
trees  varying  in  age  from  two  to  eight  years:* 

Resins  in  rubber  from  trees —                                                                                     Per  cent 
,2  years  old 42.33 

3  years  old 35.02 

4  years  old 26.47 

5  years  old 18. 18 

7  years  old 11.59 

8  years  old 7. 21 

The  same  writer  also  gives  a  table  showing  the  varying  amount  of 
resin  in  samples  from  diflerent  parts  of  the  same  tree: 

«The  Naturalist  in  Nicaragua,  Thomas  Belt,  F.  G.  S.,  pp.  33-34.     The  liana  called 
by  Belt  Calonyction  apeciosnm  is  generally  called  Jpornoea  bonornox, 
'>Tropical  Agriculturist,  22:444,  January,  19t)3. 
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Resin  in  rubber  from —  Per  cent. 

Trunk 2.61 

Largest  branches 3. 77 

Medium  branches 4. 88 

Young  branches 5. 86 

Leaves 7. 50 

If  these  figures  represent  facts  at  all  geiiei*al,  they  lessen  very  dis- 
tinctly the  prospects  of  any  plans  which  contemplate  the  tapping  of 
ver\'^  young  trees,  and  it  will  be  necessary  to  agree  with  Dr.  Weber 
that  eight  years  is  the  minimum  age  at  which  a  plantation  can  be 
expected  to  furnish  rubber  for  the  market. 

But  as  this  point  is  one  which  has  been  brought  into  considerable 
prominence  in  recent  years,  and  is  being  relied  upon  by  some  as  a 
means  by  which  the  profits  of  rubber  culture  can  be  increased  and 
hastened,  it  may  be  well  to  state  that  the  inferiority  of  the  rubber  of 
young  trees  and  growing  parts  has  been  determined  by  other  compe- 
tent investigators  and  especially  l>y  Mr.  Parkin,  whose  account  of  the 
matter  furnishes  several  interesting  details  which  supplement  the 
figures  furnished  by  Dr.  Weber: 

In  the  case  of  Hevea,  the  rubber  collected  from  the  young  stems  and  leaves,  as 
well  as  from  the  unripe  capsules,  h  somewhat  adhesive,  and  has  less  elasticity  and 
strength  than  that  from  the  trunk.  In  the  Castilla  introduced  into  Ceylon  the  latex 
from  the  stems  bearing  leaves,  as  well  as  from  the  leaves  themselves,  molds  between 
the  finger  and  thumb  into  a  very  sticky  substance,  wholly  unlike  the  caoutchouc- 
containing  latex  of  the  trunk.  It  dries  to  a  brittle  material,  which  becomes  viscous 
when  warmed.  The  quality  of  the  rubber  from  stems  of  this  Cai«tilla,  12.5  to  25 
centimeters  (5  to  10  inches)  in  circumference,  was  likewise  tested.  It  seemed  to 
have  properties  intermediate  between  that  of  the  shoots  and  the  trunk,  being  slightly 
sticky  and  somewhat  deficient  in  elasticity. 

The  climbing  rubber  plants,  L(indoIphia  kirkii  and  Urceola  esculeiUay  show  a  sim- 
ilar difference  between  the  latex  from  the  shoot  and  that  from  thick  stems.  Ficus 
daslica  also  exhibits  this  peculiarity . « 

Attention  was  called  to  this  in  Ficus  as  far  back  as  1839  by  Wein- 
lung.  He  called  the  substance  'Siscin,"  and  considered  it  interme- 
diate between  resin  and  caoutchouc. 

Mr.  Parkin  further  says: 

In  many  plants  this  so-called  vis<!in  seems  to  occur  throughout  the  laticiferous 
system,  e.  g.,  the  common  bread-fruit  {Ariocarpus  incisa)  and  jak  (^4.  inlegrifolia)^ 
trees  of  the  Tropics. 

Most  likely  there  are  bodies  which  do  not  come  within  the  categories  of  caout- 
choucs and  guttas,  and  yet  are  hydrocarbons  with  the  same  percentage  composition. 
Probably  some  of  these  viscous  suljstances  are  such.  Also  it  appears  probable  that 
all  caoutchoucs  are  not  identical,  and  that  when  prepared  as  pure  as  possible  from 
the  latex,  as  by  the  ingenious  centrifugal  method  of  Biffen,  it  may  be  found,  for 
example,  that  the  caoutchouc  of  Ilevca  has  slightly  different  i)roperties  from  that  of 
Castilla.  ?' 

«See  Weiss,  Trans.  Linn.  Soc,  111,  18S)2,  p.  243. 
ft  Parkin,  Annals  of  Botany,  14:  203-204,  1900. 
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DIRECTION   AND   SHAPE   OF   INCISIONS. 

The  tubes  which  produce  the  milk  of  Castilla  and  other  rubber  trees 
are  so  slender  and  thread-like  that  the  creamy  liquid  would  not  flow 
from  their  cut  ends  if  it  were  not  forced  out  b}^  pressure.  Some 
writers  seem  to  have  Assumed  that  the  liquid  is  actually  compressed 
inside  the  tubes,  or  that  the  walls  of  the  tubes  are  stretched  by  the  liquid 
they  take  up.  A  more  probable  view  is  that  recently  advocated  by 
M.  Lecomte/*  that  the  pressure  is  due  to  the  tension  of  the  bark,  and 
that  it  is  mostl}^  exerted  in  a  transverse  direction.  If  we  add  to  this 
the  fact  that  nearly  all  the  tubes  extend  lengthwise,  a  transverse  cut 
would  reach  the  maximum  number  of  these  and  would  thus  for  two 
important  reasons  secure  more  milk  than  one  of  the  same  len^h  in 
any  other  direction.  A  cut  along  the  trunk  would  be  the  worst,  since 
it  would  reach  the  fewest  tubes  and  relieve  the  tension  of  the  bark 
most.  Obli(]ue  cuts  are  intermediate,  the  more  horizontal  the  better. 
M.  Lecomte  hesitates  to  recommend  transverse  cuts  lest  they  may 
prove  injurious  to  the  tree;  but  if  a  short  transverse  cut  will  bring  as 
much  milk  as  a  longer  oblique  gash  there  seems  to  be  no  real  reason 
why  it  should  be  more  harmful,  providing,  of  course,  the  tree  be  not 
girdled,  or  too  much  bark  be  not  cut  away  at  one  level.  The  practi- 
cal diflSculty  with  transverse  cuts  lies  in  the  fact  that  it  would  be 
much  more  diflScult  to  collect  the  milk,  some  of  which  will  stay  in  the 
cuts,  while  the  surplus  will  run  down  the  trunk  of  the  tree  in  many 
driblets  instead  of  being  brought  together  at  the  point  of  the  V-shaped 
incisions  generally  used.  The  desirability  of  making  the  cutis  as  nearly 
ti*ansverse  as  possible  should,  however,  be  considered,  and  in  districts 
where,  as  in  eastern  Guatemala,  dependence  is  placed  entirely  on  the 
''scrap"  rubber,  most  of  which  coagulates  in  the  cuts  or  on  the  sur- 
face of  the  trunk  of  the  tree,  it  may  be  feasible  to  make  the  cuts  nearly 
or  quite  transverse.  Indeed,  this  is  what  Dr.  Preuss  describes  as  cus- 
tomary on  the  El  Baul  plantation  in  Guatemala: 

For  tapping  they  use  an  instrument  made  out  of  a  bush  knife  (machete).  The  end 
of  the  blade  is  for  this  purpose  bent  back  until  a  groove  is  formed  about  broftd 
enough  to  lay  a  finger  in.  The  cutting  edge  of  this  groove  is  well  sharpened.  With 
this  instrument  the  workmen  tear  horizontal  gashes  in  the  bark  of  the  trees,  and 
indce<i  over  a  half  or  three-quarters  of  the  circumference  of  the  trunk.  The  grvx^vee 
are  cut  at  distances  of  1 J  feet,  one  above  another,  up  to  the  principal  branches.  The 
milk  at  first  flows  out  in  drops,  which  fall  to  the  ground.  They  let  these  go  to  waste 
because  the  (juantity  is  only  small  and  this  milk  is  very  watery.  But  in  a  minute  or 
two  the  dropping  ceases  and  the  milk  which  then  oozes  out  is  pulpy  and  remaim!  in 
the  furrows,  where  it  hardens  into  strips  of  rubber.  In  two  days  these  strips  are 
pulled  out,  washed,  and  dried  in  the  shade,  and  are  then  ready  for  market.  Drying 
in  the  sun  causes  the  rubber  to  become  sticky  and  should  be  strictly  avoide<l.  The 
trees  are  tapped  four  times  a  year;  each  time  another  side  of  the  trunk  is  o]H^rated 


"Journ.  d'Agri.  Tropicale,   10:  100.     Translated  in  Agriculture  Bui.  Straits  and 
Federated  Malay  States,  1:  382. 
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on.  The  yield  each  time  is  half  a  pound  of  rubber,  or  one  kilogram  (2.2  pounds)  in 
a  year.  I  was  informeil  that  the  horizontal  grooves  made  with  the  instrument 
descrilxfd  require  only  a  quarter  as  much  time  to  fill  up  as  the  broad  diagonal  wounds 
made  with  the  machete.  The  former  are  completely  closed  in  three  months'  time, 
and  the  tree  recovers  very  rapidly. 

Parkin's  experiments  in  tapping  Hevca  in  Ceylon  gave  results  much 
in  favor  of  oblique  incisions  over  either  horizontal  or  vertical.  He 
says: 

In  both  cases  the  oblique  incision  yields  about  double  that  of  the  other.  There 
seems  little  difference  between  the  amount  collectible  from  a  vertical  and  a  horizon- 
tal incision.  Although  there  is  a  greater  output  of  latex  from  the  horizontal  cut, 
yet  much  more  dries  on  the  wound  than  in  the  case  df  the  vertical,  consequently  the 
amount  which  drops  into  the  receiver  comes  to  about  the  same  in  the  two  cases,  a 

With  Hevea  it  was  found  that  two  oblique  incisions  joined  below  to 
make  a  letter  V  gav^e  nearly  twice  as  much  latex  as  one  alone.  In  case 
of  Castilla,  however,  where  the  milk  flows  so  much  more  freeh^,  it  was 
concluded  that  the  most  milk  could  be  secured  with  the  least  injury  to 
the  tree  by  means  of  separate  oblique  incisions.  Such  cuts  would  cer- 
tainly heal  more  readily  than  V-shaped  wounds,  since  the  bark  fre- 
quently receives  its  worst  injuries  at  the  junction  of  the  two  incisions. 

TAPPINCJ   INSTRUMENTS. 

That  improved  methods  and  tools  are  to  be  used  for  cultivated  trees 
is  one  of  the  points  on  which  all  the  I'ubber  planters  agree,  but  as  yet 
none  of  the  many  improvements  suggested  has  attained  any  popularity, 
and  it  is  at  least  doubtful  whether  any  of  the  devices  brought  forward 
at  this  time  is  to  be  looked  upon  as  a  practical  solution  of  the  problem. 
Some  inventors  have  worked  on  the  erroneous  idea  that  the  rubber 
comes  from  the  sap,  like  sugar  from  the  maple,  and  have  thus  com- 
pletely wasted  their  time. 

An  enumeration  of  some  of  the  features  essential  for  a  good  tapping 
instrument  may  save  further  labor  on  wrong  lines. 

The  cutting  edge  must  be  keen,  and  must  therefore  be  easy  to 
sharpen.  A  thick  or  blunt  edge  bruises  the  wood  and  milk  tubes,  and 
this  interferes  with  the  flow  of  milk. 

There  should  be  a  means  by  which  the  depth  of  the  cut  can  be  regu- 
lated, since  it  is  important  to  cut  deep  enough  to  reach  the  milk  and 
yet  not  so  deep  as  to  reach  into  the  wood,  but  axes  and  chisels  with 
shoulders  to  prevent  too  deep  penetration  are  not  promising  because 
the  thickness  of  the  outer  bark  is  variable.  The  shoulders  also  bruise 
the  bark  if  the  cutting  is  by  blows.  In  British  India  it  is  thought 
that  the  best  instrument  for  tapping  the  Para  rubber  trees  is  an  ordi- 
nary carj)enter's  gouge. 

«  Circular  Royal  Botanic  Gardens,  Ceylon,  June,  IHIH),  p.  121. 
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MULTIPLE  TAPPING. 

By  far  the  most  importaDt  recent  <b'scovery  in  connection  with  the 
culture  of  Para  rubber  in  the  East  Indies  is  what  may  be  called  mul- 
tiple tapping,  or  the  repeated  cutting  of  the  edges  of  the  wound  to 
induce  a  renewed  flow  of  milk.  This  is,  it  is  true,  by  no  means  a  new 
idea,  since  it  seems  to  have  been  the  regular  practice  of  the  rubber 
gatherers  of  Bi-azil;  but  their  idea  that  the  tree  gave  more  milk  after 
it  had  become  accustomed  to  the  operation  seemed  so  childishly  fanci- 
ful to  Europeans  that  it  has  only  recently  been  put  to  a  practical  test, 
and  now  there  is  much  surprise  to  find  that  it  is  very  decidedly  correct 
Perhaps  the  most  striking  instance  is  that  described  very  re<?ently  from 
Selangor,  where  a  single  Para  rubber  tree  25  years  old  yielded  18 
pounds  of  rubber  in  a  period  of  two  months. **  A  single  ounce  was 
obtained  the  first  day,  and  1^  pounds  in  the  next  five  daj^s.  For  10 
days  the  daily  average  was  more  than  half  a  pound,  and  on  the  twelfth 
day  a  maximum  of  12  ounces  was  obtained.  A  second  tree  yielded  a 
total  of  12  pounds  10  ounces  of  rubber.  It  was  estimated  that  a]>out 
seventy  hours  of  labor  was  required  to  collect  about  30  pounds  of  rubber 
from  the  two  trees,  or  over  two  hours  for  each  pound  of  rubber,  which 
may  be  noted  as  an  indication  that  the  collection  of  rubber  by  this 
method  will  be  expensive  in  proportion  as  it  is  carefully  done,  since  it 
will  require  intelligent  and  somewhat  skillful  cutting  to  avoid  too 
serious  injury  to  the  trees. 

PKOTECTION   AGAINST  THIEVES. 

A  serious  obstacle  to  profitable  rubber  culture  in  some  parts  of 
Central  America  is  the  stealing  of  the  milk  by  the  natives,  and 
especially  by  those  who  have  been  accustomed  to  make  a  living  from 
the  tapping  of  the  wild  trees.  Trouble  from  this  source  is  likely  to 
be  much  worse  in  countries  where  rubber  is  a  natural  product  than  in 
regions  where  the  natives  have  not  been  accustomed  to  gather  and  sell 
it,  and  where  no  recognized  trade  exists  to  make  easy  the  marketing 
of  the  contraband  product.  According  to  Dr.  Carl  Sapper,*  long  a 
resident  of  Centi*al  America  and  widely  acquainted  with  social  and 
agricultural  conditions,  many  landowners  have  given  up  inibber  cultare 
because  they  find  themselves  unable  to  guard  their  trees  from  thieves 
who  do  not  even  wait  to  rob  them  of  their  crop,  but  destroy  the 
young  trees  as  soon  as  they  begin  to  produce.  A  similar  report  i^ 
current  from  the  banana-growing  districts  of  the  eastern  seaboard  of 
Central  America,  where  experiments  in  rubber  culture  are  said  to 
have  been  given  up  not  because  the  trees  failed  to  grow  but  because 

«  Agricultural  Bulletin  of  the  Straitu  and  Federated  Malay  Staten,  1:556,  November, 
U)02. 

i>Der  Tropenpflauzer,  8:585,  1899. 


PROTECTION   OF  PLANTATIONS.  69 

the  planters  found  that  they  would  be  unable  to  harv(\st  their  crop. 
In  the  West  Indie.s  and  in  many  other  tropical  countries  it  has  been 
found  diflScult  to  grow  fruits  and  other  food  crops  in  proximity  to  a 
lawless  native  population,  but  rubber  is  even  more  difficult  to  protect, 
because  of  its  high  value,  its  continued  presence  in  the  tree,  the  ease 
with  which  it  can  be  taken,  the  long  time  it  can  be  stored,  its  small 
bulk,  and  the  facility  with  which  it  can  be  transported  and  marketed. 

These  facts  will  increase  the  hazard  of  many  rubber  investments  and 
will  render  obvious  the  advantage  of  entei*prises  operated  in  settled 
communities  and  protected  by  stable  and  responsible  governments,  for 
in  the  waiting  period  of  eight  or  ten  years  many  vicissitudes  may  be 
encountered.  The  ease  and  profit  with  which  a  rubber  plantation 
could  be  plundered  would  be  ecjualed  only  by  the  havoc  w^hich  would 
result  from  reckless  depredation. 

To  meet  ordinary  needs  of  protection  two  expedients  may  be  sug- 
gested. In  countries  which  are  anxious  to  encourage  the  preservation 
and  planting  of  rubber  others  than  landowners  and  planters  could  be 
prohibited  from  marketing  crude  rubber  or  from  having  it  in  their 
possession,  merchants  being  compelled  to  account  for  their  exports  by 
purchase  from  such  authorized  persons.  On  the  other  hand,  the  use 
by  planters  of  special  tapping  tools  not  obtainable  by  the  natives 
would  make  it  possible  to  detect  the  theft  of  rubber,  which  is  now 
extremely  difficult.  Indeed,  the  estates  are  often  robbed  by  their  own 
emploj^ees,  and  the  rubber  sold  from  ''  our  own  trees"  by  some  of  the 
companies  is  said  to  be  purchased  from  thieves  who  save  the  owners 
the  trouble  of  gathering  their  rubber. 

The  problem  of  rubber  gathering  is  thus  a  real  one  which  should  be 
attacked  with  vigor  and  persistence.  Not  only  are  the  present  Cen- 
tral American  methods  quite  unsuitable  for  use  with  cultivated  trees, 
but  there  is  a  scarcity,  and  in  many  districts  a  complete  absence,  of 
laborers  capable  of  applying  even  the  present  barbarous  treatment. 
If  their  cultural  efforts  should  prove  successful  it  will  be  but  a  few 
years  when  plantation  managers  who  have  set  out  trees  by  the  hun- 
dreds of  thousands  may  find  themselves  imable  to  extract  the  liquid 
wealth.  The  temptation  will  then  be  great  to  end  the  tedious  waiting 
for  results  by  turning  the  plantations  over  to  the  mercies  of  the 
"huleros,"  if,  indeed,  it  be  found  practicable  to  prevent  them  from 
helping  themselves. 

METHODS  OF  CGAGUIiATINa  THE  LATEX  OF  CASTILLA. 

COAGULATION    BY   CREAMINCi. 

The  separation  of  rubber  from  the  latex,  a  process  commonly  called 
coagulation,  is  in  a  somewhat  more  advanced  state  of  investigation 
than  the  subject  of   tapping,  if,  indeed,  the  recent  experiments  of 
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Dr.  Weber  do  not  mean  tlmt  a  final  and  satisfactorv  conohision 
has  been  reached.  Dr.  Weber  finds  that  V>3'  the  simple  expedient 
of  diluting  the  fresh  latex  of  Ca^tilla  with  five  times  its  volume  of 
boiling  water  and  adding  8  omices  of  formaldehyde  to  each  barrel  of 
the  resulting  fluid,  all  the  impurities  to  which  the  inferiority  of  Cas- 
tilla  rubber  are  due  can  be  removed,  since  they  will  remain  in  solution, 
while  after  twenty-four  hours  the  clean  rubber  will  be  found  in  a 
"snow-white  cake"  which  can  l)e  lifted  oflf  the  top.  Dr.  Weber  con- 
tends that  rubber  prepared  in  this  way  is  *"  absolutely  free  from  solid 
impurities  of  any  description,  *  *  *  either  soluble  or  insoluble, 
organic  or  inorganic,"  and  that  it  is  equal  or  superior  to  the  finest 
brands  of  Pam  rubber.  The  process  is  simple  and  inexpensive, 
and  if  the  mechanical  qualities  of  the  rubber  meet  Dr.  Webers 
expectations  when  the  practical  tests  of  manufacturing  have  been 
applied,  it  would  seem  that  the  essential  requirements  of  the  problem 
have  been  met,  and  in  any  case  valuable  progress  has  been  made. 
It  seems,  moreover,  from  the  investigations  made  by  Parkin  in  Ceylon 
that  this  method  is  capable  of  still  further  simplification. 

When  the  latex  of  Castilla  is  mixed  with  water  and  allowed  to  stand,  in  the  eourae 
of  an  hour  or  two  the  caoutchouc  particles  have  all  floated  to  the  top  in  the  form  of 
a  thick  cream.  The  diluted  latex  of  Hevea,  on  the  contrary,  shows  no  signs  of 
creaming,  even  when  suhmitteci  to  a  low  temperature.  The  difference  is  most  likely 
due  to  the  larger  nize  of  the  caoutchouc  globule  in  the  case  of  Castilla  as  compared 
with  that  of  Hevea.  « 

Parkin  found,  however,  an  interesting  difference  between  the  latex 
of  Castilla  in  Ceylon  and  that  described  from  tropical  America  by 
Biffen,  in  whose  results  Weber  may  be  said  to  acquiesce,  since  he 
holds  that  the  albumens  of  Castilla  latex  are  readily  coagulated  by 
alkaline  solutions. 

The  proteid  of  the  latex  of  CaMilla  elastica  has  also  been  investigated  to  some  extent 
})y  liiffen.  lie  found  that  the  latex  gives  an  acid  reaction,  and  that  on  the  addition 
of  a  little  alkali  it  is  coagulated.  This  he  considered  to  >xj  due  to  the  nature  of  the 
proteid  which  exists  as  acid  albumen  in  the  latex;  on  neutralization  it  comes  ontof 
solution  and  gathers  together  the  caoutchouc  particles  into  clots. 

Now,  the  latex  of  the  Castilla  introduced  into  Ceylon  ( C.  markhamianu)  does  not 
behave  like  this.  On  the  very  gradual  addition  of  alkali  t-o  the  latex  or  to  the  lU- 
trate  (the  liquid  part  of  the  latex  without  the  globules  of  caoutchouc)  no  coagulation 
or  precipitation  occurs.  Alcohol  causes  a  coagulation  of  the  latex  and  a  copious  pre- 
cipitate in  the  filtrate,  which  is  quite  soluble  again  in  water.  Proteid  is  present  in 
considerable  quantity,  about  4  per  cent  being  indicated  by  analysis.  Coagulation  is 
brought  about  neither  by  acids  nor  by  boiling.  Thus  it  looks  as  if  the  proteid  Monga 
to  the  class  of  albumoses.  At  any  rate  the  type  of  Castilloa  introduced  into  Ceylon 
differs  in  this  resi)ect  strikingly  from  that  of  the  true  Castilloa  elastim  examined  by 
Biffen. 

These  facts  are  of  interest,  not  only  from  their  bearing  upon  coagu- 
lation and  function  of  latex,  but  because  they  indicate  the  extent  to 
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which  the  latex  and  its  constituents  may  vary  under  different  condi- 
tions of  growth.  Parkin  is  probably  in  error  in  the  idea  that  the  latex 
with  which  he  experimented  belonged  to  CatitlUa  mnrhhHmUum.  The 
tree  Tvhich  was  introduced  bv  Cross  from  Panama  to  Ovlon  is  more 
.  likely  to  be  the  same  as  that  with  which  Weber  experimented  in 
Cloloinbia. 

DIStXJLORATIOX    OK   CAHTILI.A    LATEX. 

Incidental  to  his  principal  discovery  Dr. .  Weber  reports  several 
observations  of  much  interest,  not  alone  in  their  practical  significance, 
but  also  as  illustrations  of  the  mistakes  which  can  l>e  made  in  a  subject 
so  difficult  of  investigation  as  rubber.  Thus  it  is  found  that  the  milk 
of  Ca.stilla  contains  not  a  trace  of  tannic  acid,  the  presence  of  which 
has  often  been  inferred,  presumably  ])ecause  ferric  chlorid  produces 
the  htame  color  reaction  with  latex  as  with  tannic  acid,  turning  it  dark 
green.  This  reaction  Dr.  Weber  finds  to  l)e  due  to  the  presence  of  a 
glucoside,  which  also  gives  the  latex  its  intensely  bitter  taste.  The 
addition  of  tannic  acid  precipitates  the  albumens  of  the  latex,  so  that 
the  presence  of  albumens  is  itself  deemed  a  sufficient  evidence  of  the 
absence  of  tannic  acid  in  latex  of  any  kind. 

The  i"apid  color  change  of  the  milk  of  Castilla  on  exposure  to  the  air 
is  found  to  be  due  to  an  enzym  or  ox3"dizing  f element  (oxydase),  which 
is  probably  destroyed  by  the  boiling  watcT,  as  suggested  by  Parkin,  to 
whose  work  Dr.  Weber  does  not  refer,  although  in  this  part  of  the 
subject  it  had  covered  the  same  ground. 

Parkin  reported  as  follows: 

Several  latices,  which  are  pure  white  when  they  first  issue  from  a  wound,  on  the 
plant,  rapidly  darken  on  exposure  to  the  air.  This  is  due  to  the  presence  (jf  an 
oxydizing  ferment,  or  oxydase,  which  with  the  aid  of  tlie  oxygen  of  the  air  acts  on 
some  constituent  of  the  latex,  changing  it  to  a  deep  brown  coloring  matter. 

The  latex  of  Castilloa  is  a  good  example.  It  rapidly  darkens  on  exposure  and 
dries  to  an  ahnost  blac^k  rubber.  By  creaming  the  caoutchouc  particles  can  be  sei)a- 
rated  from  the  dark  l)eer-like  liquid  and  made  into  a  sheet  of  nearly  colorless  ni])ber. 
By  quickly  heating  the  collected  latex  the  darkening  is  arrested,  owing  to  the 
destruction  of  the  enzyme. 

The  latex  of  Hevea  collected  from  the  tree  trunk  does  not  darken  at  all  on  exposure 
to  the  air,  and,  provide<i  that  molds  and  putrefac^tive  organisms  are  kept  away, 
Tubl>er  prepared  from  it  remains  indefinitely  of  a  light  color.  On  the  other  hand, 
the  latex  from  the  wall  of  the  unripe  capsule  (fruit)  changes  on  exposure  from  milk- 
white  to  black.  The  darkening  is  wholly  prevented  if  the  latex  is  quickly  subjected 
to  heat.     No  doubt  there  is  an  oxydase  present  in  the  latex  of  the  capsule. « 

The  expression  ''coagulation  of  rubber"  appears  objectionable  to 
Dr.  Weber  because  he  finds  that  it  is  the  albuminous  substances  of 
the  latex  which  coagulate  and  not  the  rubber  itself,  V)ut  this  o])jectiori 
seems  rather  overtechnical,  since,  even  in  Dr.  Weber's  method,  the 
rubber  is  collected  and  compacted,  and  for  this  process  a  name  is  still 
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required.  It  is  the  albuminous  substances  incorporated  in  Castilla 
rubber  which  continue  to  ferment  and  putrefy,  or  otherwise  contribute 
to  the  deterioration  of  the  rubber,  both  crude  and  manufactured.  In 
other  words,  it  is  the  albumens  rather  than  the  resins  which  determine 
the  inferiority  of  rubber,  and  the  amount  of  resin  contained  in  the 
latex  of  adult  Castilla  trees  is  held  to  be  '^ entirely  innocuous"  and 
"absolutely  unobjectionable."    Dr.  Weber  continues: 

I  am  quite  aware  that  now  and  then  aU  sorts  of  sinister  actions  are  ascribed  to  the 
presence  of  resins  in  india  rubber,  but  there  is  not  the  least  particle  of  evidence  to 
show  that  they  are  intrinsically  detrimental.  As  a  matter  of  fact,  in  the  manofao 
ture  of  quite  a  number  of  rubber  goods,  resins  are  deliberately  added  to  the  mixings.^ 

OTHER  METHODS  OF  COAGULATION. 

The  traditional  method  of  treating  Para  rubber  in  Brazil  is  to  spread 
it  in  thin  layers  on  wooden  paddles,  which  are  held  over  burning  palm 
nuts.  The  highest  grades  of  commercial  rubber  have  been  produced 
in  this  way,  but  the  process  is  too  slow,  laborious,  and  disagreeable. 
There  seems,  however,  to  be  ground  for  a  suspicion  that  some  constit 
uent  of  the  smoke,  which  is  incorporated  into  the  rubber,  may  have  a 
beneficial  effect  upon  its  mechanical  properties,  and  the  previously 
cited  adverse  opinion  upon  the  pure  but  unsmoked  Hevea  rubber  from 
the  East  Indies  seems  to  give  further  warrant  for  such  a  notion.  The 
experiment  of  smoking  Castilla  ru})ber  has  been  tried  at  La  Zacualpa, 
but  the  result  was  a  hopelessly  sticky  mass.  The  difference  of  behavior 
is,  however,  more  likely  to  be  due  to  differences  in  the  latex  rather 
than  to  differences  in  the  rubber  itself. 

It  is  not  to  be  overlooked  that,  while  the  high  percentage  of  albu- 
minous impurities  in  Castilla  rubber  has  rendered  the  price  lower  and 
the  removal  of  them  should  increase  the  price,  yet  it  will  reduce  the 
quantity  of  the  marketable  product  and  will  thus  not  be  an  unmixed 
advantage.  All  the  methods  of  coagulation  now  in  use  bring  about 
the  incorporation  with  the  rubber  of  a  large  amount  of  the  albuminous 
substances  of  the  latex.  Dr.  Weber  claims  that  if  none  of  the  albu- 
mens are  left  out  they  will  constitute  over  25  per  cent  of  the  solid 
product  and  adds: 

The  native  rubber  collectors  prepare  the  rublxir  from  the  latex  in  such  a  way  that 
at  least  part  of  the  atjueous  vehicle  of  the  latex  is  draine<l  away  l^efore  coagulation 
takes  place,  and  consequently  we  never  find  a  Central  American  rubber  (crude) 
which  contains  as  much  as  the  above-stated  quantity  (25  per  cent  of  albuminons 
matter),  but  lots  containing  from  9  to  13  per  cent  are  quite  common.  * 

The  meaning  of  this  sentence  is  not  obvious,  and  it  becomes  still  less 
so  if  we  read  it  in  connection  with  one  which  follows  a  little  later. 

Therefore,  whenever  we  ccmgulate  the  rubber,  we  c^n  ojily  do  so  by  coagulating 
it  in  conjunction  with  the  albumen  present,  and  we  have  at  once  a  product  jx^ssess* 
ing  all  the  irremediable  drawlxacks  which  above  we  discusse<l  at  some  length. 
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None  of  the  native  methods  of  I'lKicrulation  fnuniorateil  by  I>r.  Wetier 
shows  any  provision  for  eiiminatinvf  any  part  of  tho  albumen.  There 
is  certainly  nothing  of  this  kind  in  connection  with  siTap  rublier,  into 
which  all  the  solid  constituents  of  the  milk  are  simply  dried  down 
and  little  escapes  except  by  evaporation,  and  yet  st^rap  rublier  is 
commonly  deemed  of  good  quality.  In  coagidation  by  the  acid  or 
alkaline  juices  of  plants  or  by  soap,  salt,  or  alum,  or  by  the  lx>iling 
of  the  juice,  the  only  materials  which  escape  are  those  which  do  not 
coagulate,  so  that  it  is  difficult  to  avoid  the  inference  that  the  percent- 
age of  albuminous  matter  is  not  constant  or  that  it  has  been  incorrectly 
determined. 

At  La  Zacualpa  was  witnessed  still  another  method  of  coagulation 
by  which  all  the  nonvolatile  constituents  of  the  latex  are  retained. 
The  latex  is  spread  in  a  thin  coating  upon  the  large  banana-like  leaves 
of  a  species  of  Calathsea,  laid  out  on  the  hot  bare  ground  in  the  open 
sun.  This  exposure  to  heat,  light,  and  air  turns  the  milk  dark  with 
great  rapidity,  and  in  a  few  minutes  it  has  become  firm  enough  to 
permit  a  second  layer  to  be  spread  on.  Subsequently  two  of  the  leaves 
have  their  rubber-covered  faces  pressed  together  b}'  l>eing  trodden 
upon,  and  the  rubber  adheres  to  form  a  single  leaf -like  sheet  from 
which  the  leaves  themselves  arc  easily  stripped  away.  Three  stages 
of  the  process  and  the  finished  product  are  illustrated  in  Plate  XVII. 

COAGULATION   OF   SCRAP   RUBBER. 

Whether  due  to  a  varietal  difference  in  the  trees  or  to  climatic  or 
other  differences  of  the  external  conditions,  it  seems  to  be  a  general 
fact  that  on  the  more  continuously  humid  eastern  slope  of  Central 
America  the  milk  of  Castilla  does  not  run  from  the  trees  in  quantities 
which  can  be  collected  and  treated  b\'  improved  methods  of  coagula- 
tion, but  hardens  in  the  cuts  made  by  the  rubber  gatherer,  who  does 
not  carry  home  the  milk  but  returns  in  a  day  or  two  to  pull  out  the 
dried  "scraps,"  as  rubber  obtained  in  this  way  is  called  in  the  tnidc. 
As  both  the  quality  and  the  price  of  scmp  rubber  are  satisfactory,  the 
chief  objection  to  this  method  of  harvesting  is  the  greater  number 
of  cuts  in  the  tree  and  the  greater  amount  of  labor  necessary  to  collect 
it,  though  the  latter  objection  is  somewhat  counterbalanced  by  avoid- 
ing the  work  of  coagulation.  The  principal  point  is  the  amount 
obtainable,  and  this  depends  upon  the  question  of  climates  and  varieties 
rather  than  upon  that  of  coagulation.  According  to  Professor  IL 
Pittier,  6  pounds  of  scrap  rubber  are  sometimes  taken  from  a  single 
wild  tree  in  Costa  Rica;  but  while  this  amount  is  considerable  it  is 
much  less  than  that  claimed  by  Koschny  for  the  same  country. 
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PBODUCnVEHESS  OF  CASTILUL. 

YIELD   OF   WILD   TREKS. 

That  the  Central  American  rubber  tree,  or  at  least  some  of  its  spe- 
cies or  varieties,  may  attain  a  very  large  size  in  nature  and  may  yipld 
a  very  large  amount  of  rubber,  there  is  abundant  testimon3'.  Such 
facts  have,  however,  onh^  secondary  interest  from  the  cultural  stand- 
point, because  there  are  no  means  of  determining  the  age  of  such  trees. 
It  has  been  claimed  tliat  as  much  as  a  hundred  pounds  of  rubber  has 
been  obtained  from  a  single  tree.  Kos<'.hny  relates  that  in  Costa  Rica 
in  the  earlier  days  giant  rubber  trees  10  to  13  and  even  Itt  feet  in  cir- 
cumferen(*e  were  commonly  found.  All  such  have  been  destroyed  by 
the  rubber  gatherers.  Nothing  but  second-growth  and  young  trees 
are  now  to  be  found. 

The  early  literature  of  rubber  culture  abounds  in  statements  exceed- 
ing the  fondest  dreams  which  the  modern  stock  company  dares  to  put 
on  paper.  We  may  be  certain,  for  example,  that  rubber  culture  would 
not  be  still  a  new  industry  in  Central  America  if  the  plantei*s  of  that 
region  had  found  facts  to  warrant  the  statement  published  by  Collins 
in  1872,  which  probably  led  to  the  introduction  of  Castilla  into  British 
India. 

A  tree  of  about  18  inclies  in  diameter  bled  by  skillful  hands  in  April  would  yield 
about  20  gallons  of  milk  capable  of  giving  50  pounds  of  caoutchouc.  This  is,  how- 
ever, the  maximum  yield;  the  average  is  a  little  l)elow  this.  A  tree  of  from  20  to  90 
feet  t^)  its  firnt  l)ranches  is  exi)ected  to  yield  20  gallons  of  milk,  and  each  gallon  of 
milk  to  give  2  jx)und8  or  2  pounds  2  ounces  of  good  dried  rubber.  « 

This  estimate  was  somewhat  reduced  1)}''  Mr.  Cross  who  visited 
Panama  in  1875  to  procure  Castilla  for  India.     He  saj's: 

A  Castilla  tree,  with  a  diameter  of  IJ  to  2  feet,  if  carefully  and  judiciously  tapped, 
may  be  expected  to  yield  about  12  pounds  of  rubber  per  annum.  Of  all  the  different 
species  of  rubber-producing  trees,  the  (hstilla  should  prove,  under  cultivation,  the 
most  renumerative. '' 

YIEL1>  OF   CULTIVATKl)   TREES. 

Two  (juestions  must  be  considered  in  attempting  to  judge  of  the 
value  of  reported  yields  of  ruh])er  from  planted  trees.  One  is  the 
direct  issue  of  vemcity,  the  other  the  possibility  of  errors  in  some  one 
or  more  of  the  many  known  and  unknown  ways  in  which  these  can 
come  about.  There  can  be  no  dou])t  that  maiiv  direct  and  intentional 
misrepresentations  have  l)een  puldished  regarding  rubber  culture,  and 
it  would  be  quite  gratuitous  to  suppose  that  those  whose  testimony  on 
other  jK)ints  is  obviously  wrong  have  ])een  more  careful  when  discuss- 
ing the  su])ject  of  yic^ld.     Until  it  can  ])o  shown  that  somel>ody  has  had 

aRe|)ort  on  Caoutchoutt  of  ('ommerce,  p.  15. 
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a  motive  for  reporting  yields  as  sinullor  thuu  thov  jwtimlly  were  the 
average  reliability  of  small  yields  must  1h»  taken  to  be  greater  than 
that  of  large  ones,  though  not,  of  course,  estjiblishing  the  falsity  of 
higher  figures.  To  the  writer,  at  least,  it  apj^ears  signiiinint  that  not 
one  of  the  reported  large  yields  from  planted  trees  of  C/astilla  has  l)een 
8uppK>rted  by  the  testimony  of  a  disinterested  witness  of  scientific 
standing  or  even  of  wide  reputation  in  other  lines.  Moreover,  it 
seems  necessary  to  attach  much  importance  to  the  fact  that  among 
many  planters  and  other  residents  of  (ruatemala  and  southern  Mexico, 
all  more  or  less  directly  interested  in  the  possi})ilities  of  rubber  culture, 
none  was  found  who  had  witnessed  or  w  ho  credited  the  higher  figures, 
but  manj'  denounced  them  as  misrepresentations  injurious  to  the  legit- 
imate development  of  rubber  culture. 

An  exceptional  yield  is  still  an  exceptional  yield,  and  not  an  average 
which  can  be  used  as  the  basis  of  general  calculation  of  the  profits  of 
rubber  culture.  To  be  brief  and  explicit  on  this  point  it  may  be  said 
that  at  the  present  stage  of  this  incjuiry  2  pounds  per  tree  is  looked 
upon  as  the  reasonable  maximum  3'ield  to  be  expc^cti^d  from  adult  trees 
of  twelve  years  and  upward,  growing  under  fav()ral)le  natural  condi- 
tions. This  is  the  highest  estimate  which  is  known  to  the  writer  as 
having  been  made  by  reliable  planters  of  intelligence  and  experience; 
and  some  such  hold  that  the  probabilities  lie  nearer  to  half  a  pound 
than  to  2  pounds.  It  is  appreciated  that  this  estimate  is  much 
smaller  than  many  claims  based  on  Avild  trees,  and  that  it  is  much 
larger  than  the  results  reached  on  some  of  the  earlier  plantations 
would  seem  to  promise.  The  estimate  is  not,  however,  made  as  an 
average  of  all  published  figures,  Init  is  reached  rather  hy  the  elimina- 
tion of  unwarranted  expectations  from  one  end  of  the  series,  and  from 
the  other  of  disappointments  due  to  adverse  local  conditions. 

The  writer's  only  opportunity  of  witnessing  the  extraction  of  rub- 
ber except  by  small  knife  cuts  w^as  at  La  Zacualpa,  where  two  of  the 
14-year  old  planted  trees  were  tapped  for  his  benefit  (Pis.  XVI  and 
XVII).  This  was  about  the  first  of  May,  at  the  end  of  the  long  dry 
season,  an  unfavorable  time  for  such  an  experiment.  The  result 
was  slightly  over  a  pound  of  rubber,  coagulat(^d,  and  dried  on  Cala- 
tbaea  leaves  as  previously  described;  but  no  reasons  were  apparent 
for  doubting  the  claim  of  the  managenuuit  that  2  pounds  of  rubber 
had  been  secured  at  one  time  from  neigh])oring  trees  of  similar  size 
and  equal  age.  The  trees  tapped  were  about  a  foot  in  diameter  at  8 
feet  from  the  ground,  and  as  shown  l)y  the  plates,  they  had  been  tapped 
severely  and  repeatedly.  On  the  same  occasion  an  ulero  brought  in 
about  10  pounds  of  milk,  from  which  f)  pounds  of  fresh  rub])er  was 
obtained  by  coagulation  with  the  juice  of  Ipomcea;  the  same  pad  of 
rubber  weighs  about  half  as  much  after  a  year's  drying. 
Koschny,  w^hose  paper  on  the  culture  of  (^astilla  has  been  accepted 
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in  Europe  aa  the  most  authoritative  work  on  the  subject,  states  tha 
vigorous  8-year-old  trees  will  yield  without  injury  something  over  i 
pound  of  rubber  from  three  tappings,  but  he  gives  no  intimation  thai 
this  represents  an  average  of  any  considerable  number  of  planter!! 
trees,  and,  while  he  claims  that  his  rubber  gatherers  have  secured  m 
high  as  3f  pounds  from  wild  trees  eight  or  nine  years  old,  the  uncer 
tainty  in  the  age  of  wild  trees  prevents  such  figures  being  reliad  upoa, 
as  he  himself  admits  in  another  place. 

This  uncertainty  of  the  time  factor  greatly  reduces  the  value  of 
figures  derived  from  wild  trees,  particularly  if  complicated  with  other 
variable  elements.  The  quality  of  rubber  is  known  to  differ  with  the 
age  of  the  tree,  and  the  same  may  be  true  of  the  quantity.  The  size 
of  a  forest-grown  tree  is  no  indication  of  its  age  as  compared  with  one 
grown  in  the  open.  Wild  trees  are  subjected  also  to  an  amount  of 
cutting  which  nobody  would  advocate  for  planted  trees.  If  the  trees 
at  La  Zacualpa  had  been  ascended  with  ladders  and  the  whole  trunk 
tapped,  twice  as  much  rubber  or  more  might  perhaps  have  been 
secured,  or  say  4  or  5  pounds  at  a  more  favorable  season,  but  such  an 
extension  of  the  wounds  of  the  trunk  might  be  too  much  for  even  the 
persistent  vitality  of  Castilla  in  Soconusco. 

The  planted  trees  at  La  Zacualpa  abundantly  demonstrate  the  prac- 
ticability of  rubber  culture,  but  they  leave  the  question  of  yield  quite 
in  doubt,  for  during  a  period  of  several  yeai's  the  experiment  was 
abandoned,  or  at  least  entirely  neglected,  by  the  former  owners  of  the 
estate  and  the  trees  were  left  at  the  mercy  of  the  local  uleros,  so  that 
it  is  now  as  impossible  to  learn  how  much  rubber  has  been  taken  from 
them  as  to  know  how  large  and  how  productive  they  would  have  been 
had  they  been  protected  while  young  and  tapped  only  with  care  and 
moderation. 

It  will  be  several  years  before  adequate  information  on  the  3^ield  of 
planted  Castilla  trees  can  be  had,  l)ccause,  even  after  the  trees  have 
reached  a  productive  maturity  of  eight  years,  an  equal  or  longer 
period  may  be  needed  for  experiments  with  different  methods  and 
times  of  tapping,  before  it  will  be  known  how  the  most  rubber  can  be 
taken  out  with  the  least  injury  to  the  trees. 

PB.OFITS  AND  FB.0SF2CTS  OF  CASTELLA  CtTLTTTBE. 

MANAGEMENT   OF   ItUBBER   PLANTATIONS. 

The  extent  and  character  of  the  correspondence  received  by  the 
Department  of  Agriculture  during  the  last  two  years  show  that  many 
readers  will  expect  rubber  culture  to  be  discussed  not  alone  from  the 
standpoint  of  the  planter,  but  from  that  of  the  investor  as  well.  It 
does  not  follow  that  any  agricultural  industry-  which  may  l>e  profitable 
for  the  individual  planter  will  be  equally  advantageous  for  one  who 
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supplies  only  capital  and  has  no  personal  oversight  of  his  property. 
SVhen  business  of  any  kind  can  be  systematized  and  conducted  on  a 
larg'e  scale  the  duplication  of  many  expenses  can  be  avoided  and  the 
profits  increased  proportionally,  but  this  is  obviously  not  true  to  the 
lame  extent  for  all  industries.  A  sugar  plantation,  for  example,  must 
liave  a  factory  with  expensive  machines,  skilled  workmen,  and  com- 
petent management.  The  output  can  be  doubled  or  much  further 
increased  with  relatively  little  additional  expense;  consequently  the 
consolidation  of  sugar  estates  and  the  abandonment  of  small  planta- 
tions has  gone  forward  with  great  rapidity  in  the  last  decade.  To 
open  a  modern  sugar  estate  large  enough  to  l>e  economically  conducted 
costs  from  $300,000  to  $500,000  and  many  are  still  larger.  The  water 
supply,  tanks,  machinery,  and  buildings  required  on  a  properly  con- 
ducted coffee  plantation  cost  from  $50,000  to  $1(M),(M)0  or  more,  or 
enough  to  give  large  estates  a  decided  advantage  in  economy  of  pro- 
duction, though  far  less  than  in  the  case  of  sugar.  Unless  it  ))e  where 
irrigation  works  are  also  required,  it  is  not  claimed  with  sugar  that,  in 
the  plantation  proper,  the  very  large  estates  are  superior  to  those  of 
small  size;  and  where  the  small  grower  can  sell  his  cane  at  fair 
prices  at  the  factory  he  is  not  obliged  to  go  out  of  business.  Coffee, 
also,  is  still  produced  extensively  on  small  estates,  and,  if  cooperative 
**  beneficios,"or  cleaning  and  curing  establishments,  existed,  the  berries 
could  be  produced  as  profitably  in  proportion  on  100-acre  farms  as  on 
estates  of  5,000  acres. 

This  digression  may,  perhaps,  be  pardoned  if  it  helps  to  make  plain 
the  fact  that  mbber  companies  owe  their  existence  not  to  any  obvious 
advantage  which  they  will  enjoy  in  competition  with  the  individual 
planter,  but  to  estimates  of  exceptional  profits  which  have  attracted 
the  nonresident  investor.     The   manufacturing  side  of   rubber  cul- 
ture, the  labor  of  preparing  the  product  for  market,  is  relatively 
smaller  than  with  almost  any  other  crop,  and  the  need  of  centraliza- 
tion is  correspondingly  less.     It  is  to  be  expected  that  processes  and 
appliances  for  washing,  separating,  and  coagulating  the  rubber  will 
be  introduced,  but  there  is  little  indication  that  these  will  be  very 
complicated  or  very  expensive  of  installation.     The  profits  of  rubber 
culture  will  depend  primarily  on  the  selection  of  proper  locations, 
economical  methods  of  culture,  effective  management  of  field  labor, 
careful  tapping,  and  watchfulness  against  thieves.     All  of  these  things 
the  individual  planter  can  attend  to  as  well  or  better  than  the  large 
concern.     To  coagulate,  cure,  ship,  and  market  the  rubber  will  also 
be  necessary,  of  course,  but  th(»,  outlay  for  these  will  be  comparatively 
small.     If  rubber  culture  is  to  be  highly  profiUible  for  stock  compa- 
nies it  will  not  be  less  so  for  the  small  landowner.     Indeed,  it  would 
be  diflBcult  to  mention  another  crop  which,  from  the  cultural  stand- 
point, appears  so  preeminently  adapted  for  the  individual  planter  and 
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for  remote  localities  where  the  carr^^ing  in  of  heavy  machinery  and 
the  bringing  out  of  bulky  products  would  destroy  the  profits. 

Unless  combined  with  other  crops,  the  long  period  of  waiting  tends 
to  make  rubber  planting  difficult  and  unpopular  for  individuals  with 
small  capital;  but  the  same  dela}'  also  incrciises  the  risk  of  larger 
enterprises  because  the  productive  resources  of  an  estate  remain 
longer  in  uncertainty,  and  the  proof  of  the  ability  and  efficiency 
of  the  field  management  must  })e  deferred.  In  other  industries, 
like  coffee  and  sugar,  such  facets  come  much  more  quickly  to  the  sur- 
face. This  objection  is  somewhat  counterbalanced  by  the  fact  that 
the  capital  required  to  plant,  cultivate,  and  harvest  a  given  area  in 
rubber  is  less  than  with  most  other  crops.  Nevertheless,  until  rubber 
culture  has  emerged  somewhat  from  the  experimental  stage  its  great- 
est expansion  should  l)e  expected  to  take  place  not  in  new  regions, 
but  as  an  adjunct  to  industries  already  established.  This  is  preemi- 
nently true  of  the  recently  developed  rubber  industry  of  the  British 
East  Indies,  and  it  is  in  the  same  way  that  rubber  culture  is  first  to  be 
encoui'aged  in  Porto  Rico,  Hawaii,  and  the  Philippines.  Experi- 
mental plantings  l)y  residents  of  all  promising  regions  can  be  made 
with  little  expense  to  individuals,  and  with  little  danger  of  loss  on 
large  investments.  Landowners  will  wish  to  know  whether  their 
estates  will  produce  ru})ber,  and  will  he  repaid  for  their  trouble  bj 
having  seed  available  for  further  planting  as  soon  as  their  tree^  reach 
maturitv. 

ft 

KECUKltV   OK    INVESTMENTS   IN    RUBBER   PLANTATIONS. 

The  possibility  of  large  returns  is  a  powerful  attrac^tion  to  invest- 
ors, and  often  rend(»rs  them  ])lind  to  the  equal  or  greater  possibility 
of  loss.  The  difficulties  attendant  upon  the  development  of  a  new 
industry  are  seldom  attacked  until  somebody  has  been  persuaded  that 
it  will  yield  a  fortune  more  easily  than  older  lines  of  activity.  The 
difficulties  are,  however,  commonly  much  greater  than  at  first  antici- 
pated, and,  although  persistence  may  iinally  justify  the  effort,  the  first 
estimates  have  to  })e  revist^d  in  th(i  light  of  practical  experience.  As 
already  explained,  not  all  rubber  trees  yield  even  2  pounds  of  rubber: 
the  trees  will  thrive  where  they  will  not  produce  rubber;  climatic 
conditions  are  uncertain;  labor  is  not  alwavs  available;  the  cost  of 
collecting  cultivated  rubber  will  ])ro})ably  l)e  greater  than  for  thewiM 
rubl>er;  quality  and  prices  vary;  managers  may  be  incompetent  or 
dishonest;  and  many  other  circumstances  may  conspire  to  prevent  the 
realization  of  the  investor's  hoix^s.  The  large  profits  calculated  from 
rub})er  culture  on  theoretical  grounds  have  not  prevented  some  estates 
from  proving  a  total  loss,  and  do  not  render  rubber  culture  a  more 
secun*  field  of  investment  than  other  agricultural  enterprises.  A 
large  margin  of  normal   profits  may  lessen  the  danger  of  actual  losjf 
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in  an  established  iiiduatry,  though  it  does  not  render  the  income  per- 
manent, hut  prosperity  is  very  liable  to  invite  eomp<»tition.  It  is  true 
that  with  rubber  the  decline  of  prices  from  this  cause  is  likely  to  lie  a 
remote  danger,  but  the  more  brilliant  the  success  of  the  industry  tlie 
greater  would  be  the  certainty  of  the  extensive  participation  of  all 
suitable  regions. 

To  pick  up  from  the  surface  of  the  ground  large-sized  nuggets  of 
gold  is  very  profitable,  but  to  operate  gold  mines  is  often  a  losing 
venture.  The  ore  may  fall  below  the  estimated  richness,  the  mines 
may  be  difficult  to  drain,  the  machinery  may  be  unex])ectedly  expen- 
sive, the  wages  may  advance,  or  the  maAagement  may  prove  dishonest. 
A  rubber  plantation  yielding  perpetually  an  abundance  of  high-gi*ade 
rubber  might  be  "as  good  as  a  gold  mine,"  but  investors  must  expect 
that  the  profits  of  plantations  will  be  subject  to  vicissitudes.  It  may 
be  legitimate  to  represent  the  profits  of  a  certain  rubl)or  enterprise  as 
more  sure  than  its  competitoi's  in  the  same  or  other  lines  of  investment, 
but  those  who  claim  that  rubber  enjoys  any  special  or  unic^ue  security' 
either  deceive  themselves  or  wish  to  deceive  others.  The  expenses 
for  land,  equipment,  culture,  and  management  will  vary;  likewise  the 
yield,  quality,  and  market  price.  If  the  margin  of  possi])le  profit  be 
larger  than  in  older  agricultural  industries,  the  universal  lack  of  experi- 
ence makes  it  the  more  difficult  and  uncertain  of  realization.  More- 
ever,  the  demonstration  that  rubber  culture  is  really  a  highly  profitable 
business  would  attract  so  many  aspirants  to  fortune  that  the  anticipated 
rise  in  the  price  of  rubber  might  never  be  realized;  and,  although 
there  is  not  likely  to  be  danger  of  overproduction  for  many  years  to 
come,  the  "perpetual  dividends"  sometimes  advertised  can  scarcely 
be  insured.  Finally,  the  artificial  production  of  rubber  is  a  distinct 
possibilit}",  pursued  by  the  chemists  with  eagerness  and  confidence,  and 
the  discovery  of  such  a  process  might  completely-  change  the  prospects 
of  an  investment  in  rubber  culture. 

The  careless  confusion  of  the  milk  or  latex  with  the  sap  is  responsil)le 
for  many  of  the  misleading  representations  that  the  profits  of  rubber 
culture  are  sure.  Even  the  sending  of  stockholders  or  disinterested 
parties  to  count  the  thrifty  young  trees  on  the  plantations  does  not 
insure  the  anticipated  returns,  since,  as  already  explained,  the  growth 
of  the  tree  either  in  nature  or  in  cultivation  does  not  certify  the  pro- 
duction of  paying  quantities  of  rubber.  That  rubber  ])lanting  is  as 
sure  as  raising  wheat,  apples,  or  strawberries,  or  keeping  a  dairy, 
are  misleading  statements,  to  say  the  least. 

Even  if  rubber  came,  like  sugar,  from  the  sap  of  the  tree,  it  would 
not  follow  that  the  yield  would  })e  uniform  either  in  quantity  or  quality. 
Different  varieties  of  canes  and  beets  vary  greatl}-  in  this  respect,  to 
sav  nothini^  of  the  influence  of  soils  and  climatic  conditions.  With 
older  farming  industries  these  (elements  of  success  or  failure  are  known 
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and  reckoned  with,  but  the  rubber  industry  has  onlv  commenced  the 
accumulation  of  experience. 

Neither  should  it  be  deemed  a  sufficient  guaranty  of  the  succe^  of 
a  plantation,  or  even  of  the  good  faith  of  a  compan\%  that  prominent 
names  should  be  found  among  the  shareholders  or  officers.  Rubber 
planting  is  so  far  out  of  the  muge  of  ordinary  business  ventures 
that  men  who  would  be  trustworthy  guides  on  investments  at  home 
are  by  no  means  proof  against  the  miscalculations  which  have  dis- 
appointed experienced  tropical  agriculturists;  and  it  is  not  to  be 
expected  that  all  rubber  companies  will  be  found  exempt  from  the 
well-known  plan  of  securing  indorsement  by  presents  of  stock  and 
other  less  direct  considerations  by  which  apparently  responsible  patron- 
age is  not  infrequently  secured  for  new  enterprises  which  can  be  made 
to  appear  ''perfectly  safe."  The  history  of  some  of  the  numerous 
companies  which  have  been  floated  in  England  for  operating  rubber 
concessions  and  plantations  would  make  very  interesting  reading  for 
the  American  investor.  American  rubber-planting  enterprises  are 
now  much  more  extensive  and  on  a  much  more  secure  footing  than  the 
English,  but  that  they  will  entirel}'  escape  similar  difficulties  is  scarcely 
to  be  expected. 

Knowledge  is  lacking  by  which  it  is  possible  to  judge  with  confi- 
dence the  prospects  of  all  rubber  plantations,  but  there  is  absolutely 
no  reason  why  any  particular  failure  of  planted  rubber  should  be 
taken  to  mean  that  no  cultivated  rubber  will  be  productive  or  that  all 
rubber  culture  must  be  a  failure.  All  plant  cultures,  tropical  and 
temperate,  have  had  their  beginnings,  so  that  the  fact  that  rubber  is  a 
new  agricultural  product  affords  not  the  slightest  reason  why  it  may 
not  be  successful.  Yet  it  can  not  be  maintained  that  rubber  is  ''as 
safe  as  any  other  crop,"  for  the  reason  that  there  has  been  no  oppor- 
tunity to  accumulate  the  experimental  knowledge  which  would  prevent 
failures. 

REQUIREMENTS   FOR  SUCCESSFUL   RUBBER   PLANTATIONS. 

It  is  hardly  possible  to  set  forth  the  difficulties  and  uncertain- 
ties which  beset  rubber  culture  without  appearing  to  dLscounige  the 
planter  and  the  investor,  though  in  realit}^  there  is  no  such  intention, 
but  only  the  desire  that  unnecessaiy  mistakes  and  losses  l>e  avoided. 
There  is  no  wish  to  warn  an3i)od3'  against  rubber  culture,  either  in 
the  tropical  islands  of  the  United  States  or  in  other  countries.  The 
warning  is  against  the  idea  that  success  and  large  profits  are  or  can  be 
assured  without  the  caution  and  discrimination  required  for  other 
branches  of  agriculture  and  other  lines  of  investment. 

Man}'  factors  nmst  contril)ute  to  the  success  of  a  rubber-planting 
enterprise,  while  the  lack  of  anyone  of  them  may  turn  profit  into  loss. 
At  the  risk  of  repetition,  it  mav  be  well  to  enumerate  some  of  the 
more  important  elements: 


ESSENTIALS    OF   SUCCESSFUL    PLANTATIONS.  81 

1.  Xatural  condltams  of  vUrnate  and  hoU  nivM  h*  favorahle, — This 
can  best  be  inferred  from  the  careful  stud}'  of  the  wild  rubber  trees 
and  other  native  vegetation.  It  is  not  safe  to  proceed  under  general 
idefts  that  Castilla  will  be  productive  everywhere  in  the  Tropics,  or 
that  there  are  large  regions  or  belts  unifomil}'  suitable  for  rub})er. 
It  is  not  safe  to  rely  upon  even  the  fact  that  neighboring  plantations 
are  productive,  unless  similarity  of  soil  and  topography  has  been 
ascertained. 

2.  T lie  plantation  slu)uld  he  reuHonaltdy  r^^rewx/W-e^.— Although  the 
bringing  out  of  the  rubber  may  not  be  diflScult,  the  transportation  of 
more  bulky  products  and  of  the  building  materials  and  supplies,  as 
well  as  the  traveling  expenses  of  the  managers  and  laborers,  will  mean 
continuous  charges  with  large  totals.  Some  of  the  rubber  estates  of 
Mexico  have  already  encountered  unexpected  difficulties  and  expenses 
in  opening  roads  and  buying  steamboats. 

3.  There  ravst  he  an  adequate  and  regular  i<uj)ply  ofJuhor. — The  cost 
of  labor  is  also  obviously  important.  Labor  conditions  may  be  very 
different  in  regions  not  far  apart.  The  prospect  in  Mexico  and  Cen- 
tral America  is  an  increasing  scarcity  of  lal)or,  higher  wages,  and 
larger  expenses  for  quarters,  supplies,  and  oversight  necessary  to 
keep  laborers  on  the  plantation.  The  conditions  are  entirely'  different 
from  those  of  the  United  States,  where  the  employer's  responsibility 
so  commonly  ends  with  working  hours  and  pa}'  daj'.  The  cost  of 
labor  in  Porto  Rico  does  not  compare  unfavorably  with  that  of  many 
tropical  districts  of  the  continent,  and  the  remaining  inequalit}'  is 
rapidl}^  disappearing. 

4.  Local  government  niiuit  he  stable  and  efficient, — Unless  located  in 
regions  controlled  by  stable  and  efficient  governments  the  protection 
of  rubber  plantations  against  thieves  ma}'  become  a  very  large  expense, 
to  say  nothing  of  the  misfortune  of  general  insecurity  of  life  and 
property. 

5.  Tlie  climate  must  he  reasonably  saluf/rious,*  otherwise  the  diffi(!ulty 
and  expense  of  labor  and  management  may  be  greatly  increased. 
Recent  discoveries  in  tropical  medicine,  particularly  the  fact  that 
malaria  and  yellow  fever  are  communicated  by  mosquitoes,  make  it 
easier  than  ever  before  to  secure  protection  against  these  diseases. 
The  fact  that  rubber  does  not  require  continuous  humidity  also  permits 
the  extension  of  rubber  culture  in  more  salubrious  localities. 

6.  Plantation  managers  must  he  capahle^  efficient^  and  honest,  — Invest- 
ors in  rubber  culture  and  other  tropical  enterprises  are  far  more 
dependent  upon  the  managers  of  their  plantations  than  they  are  likely 
to  appreciate  without  practical  experience.  That  there  is  a  great 
scarcity  of  competent  and  reliable  managers  of  tropical  plantations  is 
well  shown  by  the  princely  salaries  now  being  paid  by  several  of  the 
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German  coffee-plantation  syndicates  of  Guatemala.  And  3'et  it  is  no 
uncommon  occurrence  for  managers  to  resign  such  positions  and  go  to 
planting  for  themselves.  Great  physical  endurance,  unusual  executive 
ability,  inflexible  integrity  of  character,  and  extensive  practical  and 
local  knowledge  must  be  combined  in  a  man  who  is  able  to  handle  suc- 
cessfully and  honestly  the  complicated  affairs  of  a  large  tropical  planta- 
tion. He  must  be  expert,  or  at  least  efficient,  in  everything  from 
ditch  digging  to  diplomacy,  and  when  he  is  once  well  established  and 
well  acquainted  with  the  country  and  with  native  customs,  languages, 
and  laws  he  is,  as  it  were,  master  of  the  situation,  and  can  make  money 
many  times  as  fast  as  any  ''new  comer,"  no  matter  how  capable. 
Many  of  the  estimates  of  the  cost  of  opening  rubber  plantations  over- 
look the  cost  of  management  entirely,  while  others  place  it  at  a  ridicu- 
lously insufficient  figure.  Some  rubber  plantations  are  being  opened 
by  men  who  have  other  remunerative  interests  which  have  enabled 
them  to  accumulate  tropical  experience  and  local  knowledge,  and 
who  can  be  replaced  only  with  much  difficulty  and  much  additional 
expense. 

Investors  in  rubber  plantations  can  not,  as  a  rule,  give  personal 
attention  to  the  points  detailed  above,  but  they  liave  at  least  the  respon- 
sibility of  deciding  whether  the  home  officers  of  their  companies  have 
considered  these  and  other  obvious  requirements  for  success.  Without 
entering  further  into  details,  it  may  be  said  that,  if  many  of  the  C43mi)a- 
nies  conduct  their  plantations  as  recklessly  as  they  make  advertising 
promises,  the  plantations  and  the  promises  must  alike  fail,  or  succeed 
only  by  the  merest  chance.  It  is,  perhaps,  unfair  to  impugn  the  honesty 
and  intelligence  of  the  officers  of  such  companies,  but  it  is  certain  that 
their  advertising  matter  is  being  prepared  by  persons  who  know  little 
about  tropical  agriculture  in  general  or  rubber  culture  in  particular, 
or  by  those  who  carelessly  or  intentionaU}^  misrepresent  the  facts.  The 
appeal  is  to  the  cupidity  rather  than  to  the  good  sense  of  the  investor, 
though  it  is  probably  superfluous  to  warn  those  who  have  not  yet  learned 
that  safe  investments,  bringing  annual  dividends  of  from  20  to  200  per 
cent  do  not  go  begging  in  the  newspapers  and  magazines,  while  millions 
are  available  for  anything  which  can  assure  returns  at  5  per  cent.  It 
is  a  fact  full  of  significance  that  during  two  decades  and  upward,  in 
which  many  experiments  were  made  by  individuals  and  small  com- 
panies, no  large  and  well-advised  interests  inv^ested  in  rubber  culture. 
The  importers  and  manufacturers  of  rubber  in  particular  constitute  a 
very  intelligent  and  well-endowed  financial  community,  which  has  from 
the  first  been  keenly  alive  to  the  future  of  rubl)er  production,  and  yet 
it  is  only  within  comparativel}'  recent  years  that  capital  from  this 
quarter  has  gone  into  rubber  plantations,  and  even  this  has  been  applied 
in  experimental  quantities  rather  than  in  amounts  indicative  of  estab- 
lished confidence  in  the  prospects  of  rubber  culture. 
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OPINION   OF  THE   UNITED   STATES  CONSUL-GENERAL  IN   3fEXICO. 

As  an  antidote  to  the  advertising  claims  of  the  numerous  rubber 
companies,  investors  would  do  well  to  consider  the  report  of  Consul- 
General  Barlow  on  "  United  States  Enterprises  in  Mexico,"  published 
recently  by  the  Bureau  of  Foreign  Commerce  of  the  Department  of 
State. "  Mr.  Barlow  finds  that  about  $500,000,000  of  American  capital 
is  invested  in  Mexico,  about  $350,000,000  of  this  being  in  railroads, 
$80,000,000  in  mines,  $28,000,000  in  agriculture,  and  the  remainder  in 
manufactures,  banks,  and  miscellaneous  enterprises.  The  tenor  of  the 
discussion  of  investments  in  tropical  agriculture  may  be  judged  from 
the  following  extracts: 

Many  of  them  have  given  their  authorized  capitalization,  running  up  into  millions, 
as  the  amount  of  capital  actually  invested,  when  really  the  amount  of  capital  paid  in 
is  a  very  small  percentage  of  the  authorized  capitalization  and  the  amount  invested 
is  still  less,  perhaps  a  few  thousand  dollars.  The  first  cost  of  virgin  land  in  the 
Tropics  of  Mexico  is  very  small — say  50  cents  to  $1  per  acre  as  a  liberal  average. 
Development  work  is  expensive,  and  some  of  the  older  companies  have  no  doubt 
spent  considerable  sums  in  improving  their  properties;  but  in  a  general  way,  the 
"monthly  payment*'  companies  have  not  invested  much  in  Mexico,  however  much 
the  small  investors  may  have  paid  to  the  promoters  for  the  privilege  of  holding  stock 
in  their  companies. 

It  is  pointed  out  that,  while  some  of  the  agricultui*al  companies  are 
successful,  ''they  are  comparatively  few,"  All  persons  are  advised 
to  visit  Mexico  before  investing,  and  a  definite  warning  is  given  that 
the  promises  of  profits  of  200  per  cent  and  upward  are  fraudulent. 

The  whole  Isthmus  of  Tehuantepec,  and  jwssibly  the  entire  tropical  section  of 
Mexico,  could  be  bought  by  capitalists  residing  in  this  city,  and  if  there  were  any 
sure  200  per  cent  investments  to  be  made  in  that  region  they  would  certainly  be 
taken  up  by  persons  on  the  ground  who  are  thoroughly  familiar  with  the  conditions 
there.  The  speculative  bubble  will  be  pricked  one  of  these  days,  and  the  small 
investors  in  the  United  States  will  have  a  lot  of  prettily  engraved  shares  of  stock 
and  some  more  or  less  valuable  experience  to  show  for  the  money  they  have  invested. 
I  am  in  receipt  of  an  average  of  ten  or  more  letters  each  week  from  persons  of  small 
means  in  the  United  States  who  desire  to  invest  in  tropical  agricultural  companies 
operating  or  claiming  to  operate  in  Mexico,  asking  for  information  and  advice  con- 
cerning such  companies  and  investments.  One  reply  covers  the  whole  ground.  That 
is,  first,  that  rubber  culture  in  Mexico  is  as  yet  purely  in  the  experimental  stage, 
and  no  reliable  statistics  or  information  could  be  given  concerning  its  probability  of 
succees.  Promises  of  dividends  by  companies  who  propose  to  engage  in  the  rubber- 
growing  business  are  purely  speculative  and  theoretical.  *  *  *  A  small  invest- 
ment made  by  a  school-teacher  or  minister  or  laboring  man  in  the  United  States  in 
a  foreign  enterprise  blindly,  may  be  well  made;  but  in  nine  cases  out  of  t^n,  the 
money  could  1^  invested  to  better  advantage  in  the  United  States. 

It  should  in  fairness  be  repeated  that  the  above  quotations  are  made 
as  an  antidote  rather  than  as  representing  an  entirely  satisfactory 
statement  of  the  rubber  situation.  It  would  have  been  very  difficult 
if  not  impossible  for  such  a  discussion  as  that  of  the  consul-general 
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to  have  given  a  correct  impression  of  the  percentage  of  rubber  planting 
enterprises  which  are  not  reliable,  even  if  he  had  been  able  to  give  the 
matter  detailed  investigation.  No  general  condemnation  of  rubber 
planting  either  by  individuals  or  by  *' monthly  payment"  companies 
is  justified,  but  the  certainty  of  success  is  not  such  that  the  investor 
can  afford  tg  be  careless  regarding  the  intelligence  and  reliability  of 
those  in  whose  hands  he  places  his  financial  fate;  and  the  consul- 
general  will  have  performed  an  important  service  to  the  public  if  his 
statements  are  heeded,  not  as  a  general  discouragement  of  rubber 
culture,  but  as  a  counsel  of  caution  in  making  tropical  investments. 

coNciiUDnra  sxnncAKT. 

The  culture  of  the  Central  American  rubber  tree  has  passed  the 
experimental  stage  in  the  sense  that  the  practicability  of  the  agricul- 
tural production  of  rubber  has  been  demonstrated,  but  on  the  other 
hand  it  has  been  ascertained  that  the  tree  ma}"  thrive  where  it  will 
yield  little  or  no  rubber.  Under  favorable  natural  conditions  the 
culture  of  CastiUn  ela-'^tica  l)ids  fair  to  become  very  profitable,  but  the 
experimental  determination  of  the  factors  which  influence  the  produc- 
tion of  rubber  has  scarcely  begun. 

In  southern  Mexico  and  Central  America  the  regions  well  adapted 
to  the  culture  of  Castilla  are  much  more  limited  than  has  ))een  sup- 
posed. The  presence  of  wild  Castilla  trees  is  not  a  sufficient  evidence 
that  a  localitv  is  suited  to  commercial  rubber  culture. 

Differences  in  the  yield  of  rubber  are  not  due  merely  to  the  exist- 
ence of  different  species  and  varieties  of  Castilla,  but  are  also  con- 
trolled by  external  conditions. 

The  functions  of  the  i-ubber  milk  in  the  economy  of  the  plant  are 
not  well  understood  or  agreed  upon  by  botanists,  but  there  are  numer- 
ous reasons  for  holding  that  in  Castilla  and  many  other  plants  it  aids 
in  resisting  drought. 

A  continuously  humid  climate  is  not  necessary  to  the  growth  and 
productiveness  of  Castilla;  the  indications  are  rather  that  the  quantity 
of  milk  and  the  percentage  of  rubber  are  both  increased  })y  an  alterna- 
tion of  wet  and  drv  seasons. 

In  its  wild  state  Castilla  does  not  flourish  in  the  denser  forests,  but 
requires  more  open  situations.  It  is  confined  to  forest  regions  only 
by  the  perishalnlity  of  its  seeds. 

Castilla  thrives  better  when  planted  in  the  open  than  in  the  dense 
forest;  even  young  seedlings  are  not  injured  by  full  exposure  to  the 
sun,  providing  that  the  ground  does  not  become  too  ivy. 

The  planting  of  Castilla  under  shade  or  in  partially  cleared  forests 
is  to  be  advised  only  on  account'  bf 'special  co.nditions  or  as  a  means  of 
saving  labor  and  expense. 

The  loss  of  the  leaves  in  the  dry  season  may  be  explained  as  a  pi'o- 
tection  against  drought,  and  dpes  not  indicate  conditions  unfavorable 
to  the  tree  or  to  the  production  of  rubber. 
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The  falling  of  the  leaves  of  Ca^tiUa  elwdica  in  the  dry  season  ren- 
ders it  unsuitable  as  a  shade  tree  for  coffee  or  cacao.  In  continuously 
humid  localities  where  the  leaves  are  retained  shade  trees  are  super- 
fluous and  the  yield  of  rubber  declines. 

The  desirable  features  of  shade  culture,  the  shading  of  the  soil,  and 
the  encouragement  of  tall  upright  trunks,  are  to  be  secured  b}'^  planting 
the  rubber  trees  closer  together  rather  than  by  the  use  of  special 
shade  trees.  Planting  closer  than  10  feet,  however,  is  of  very  doubtful 
expediency. 

The  percentage  of  rubber  increases  during  the  dry  season  and  dimin- 
ishes during  the  wet.  The  flow  of  milk  is  lessened  in  dry  situations 
by  inadequate  water  supply,  but  at  the  beginning  of  the  mins  such 

trees  yield  milk  much  more  freely  than  those  of  continuously  humid 
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localities.  The  claim  that  more  rubl>er  is  produced  in  the  forest  or  by 
shaded  trees  seems  to  rest  on  tapping  experiments  made  in  the  drj' 
season. 

Continuous  humidity  being  unnecessary,  the  culture  of  Castilla  may 
be  undertaken  in  more  salubrious  regions  than  those  to  which  rul>])er 
production  has  been  thought  to  be  confined;  the  experimental  planting 
of  Castilla  in  Porto  Rico  and  the  Philippines  becomes  advisable,  but 
extensive  planting  in  untried  conditions  is  hazardous. 

No  satisfactory  implement  for  the  tapping  of  Castilla  trees  has  come 
into  use.  Boring  and  suction  devices  are  excluded  by  the  fact  that 
the  milk  is  contained  in  fine  vertical  tubes  in  the  bark,  which  must  be 
cut  to  permit  the  milk  to  escape. 

In  British  India  it  has  been  ascertained  that  the  Para  rubl>er  tree 
may  be  repeatedly  tapped  on  several  successive  or  alternate  days  by 
renewing  the  wounds  at  the  edges.  The  yield  of  milk  increases  for 
several  tappings  and  the  total  is  unexpect<»dly  large.  It  is  not  yet 
known  whether  multiple  tapping  is  practicable  with  Castilla,  or 
whether  this  new  plan  may  not  give  the  Pai*a  ni])ber  tree  a  distinct 
cultural  advantage  over  Castilla. 

The  gathering  of  rubber  from  trees  less  than  eight  years  old  is  not 
likely  to  be  advantageous;  the  expense  of  collecting  will  be  relativeh^ 
large,  and  the  qualit}'  of  such  rubber  is  inferior,  owing  to  the  large 
percentage  of  resin. 

The  rubber  of  Castilla  is  scarcely  inferior  to  that  of  Hevea.  The 
supposed  inferiority  is  due  to  substances  which  can  be  removed  from 
the  milk  b}*  heat  and  by  dilution  with  water. 


OCT  I  })  ]K!3         f, 


86  CENTRAL  AMERICAN  RUBBER  TREE. 

BESCBIPTION  OF  PLATES. 

Plate  I.  Frontispiece.  Planted  Castilla  trees  about  fourteen  years  old  at  La  Zacaalpa 
plantation,  Sooonusco,  Chiapas,  Mexico.  The  scarred  trunks  show  that  they 
have  been  tapped  many  times  by  the  native  method.  The  trees  average  aboat 
a  foot  in  diameter  and  stand  about  twelve  feet  apart  in  the  rows.  They  were 
planted  in  alternation  with  cacao,  but  this  has  mostly  disappeared. 

Plate  IL  The  original  engraving  of  CastUla  dastica,  somewhat  reduced.  The  stami- 
nate  flowers  are  much  longer  than  those  shown  in  Plates  Y  and  VI  and  the  f raits 
are  in  much  looser  and  more  spherical  clusters  than  those  of  Plate  VII. 

Plate  III.  Tip  of  branch  of  Castilla  from  Panzos,  eastern  Guatemala.  Each  leaf  k 
covered  when  young  by  a  large  ribbed  hairy  scale.  The  young  leaves  appeal 
much  more  hairy  before  they  expand.     (Natural  size.) 

Plate  IV.  Staminate  flowers  and  leaf  base  of  Castilla  from  Panzos,  eastern  Guate- 
mala. The  scales  are  larger  and  less  numerous  than  in  Plate  V,  especially  along 
the  margins.     The  hairs  of  the  branches  are  shorter  and  finer.     (Natural  fdse.) 

Plate  V.  Staminate  flowers  and  tip  of  leafy  branch  of  Castilla  from  La  Zacualpa 
plantation,  Chiapas,  Mexico.     (Natural  size.) 

Plate  VI.  Pistillate  and  staminate  flowers  of  Castilla  from  La  Zacualpa,  ChiapaSy 
Mexico.  Pistillate  flowers  at  the  left,  the  staminate  at  the  right  The  curved 
stigmafi  show  in  the  middle  o(  the  pistillate  clusters.  At  the  side  of  each  pistil- 
late flower  there  may  be  one  or  two  small  staminate  flowers  quite  different  from 
those  borne  on  branches  which  have  staminate  flowers  only.     (Natural  size.) 

Plate  VII.  Clusters  of  ripe  fruit,  La  Zacualpa,  Chiapas,  Mexico.  The  fmits  are 
fleshy  and  of  a  rather  reddish-orange  color.     (Natural  size.) 

Plate  VIII.  Planted  Castilla  tree  18  months  old  at  La  Zacualpa,  Chiapas,  Mexico. 
Grown  without  shade. 

Plate  IX.  Castilla  tree  about  25  meters  high,  planted  as  a  fence  stake,  Tapachnla^ 
Mexico.     Said  to  be  capable  of  yielding  25  pounds  of  rubber. 

Plate  X.  Young  Castilla  tree,  showing  self-pruned  temporary  branches,  La  Zaca- 
alpa,  Chiapas,  Mexico. 

Plate  XI.  Bases  of  self-pruned  temporary  branches  of  Castilla,  La  Zacualpa,  Chiapas, 
Mexico.  The  one  on  the  left  shows  an  unusual  character  in  being  branched 
near  the  base.     (Natural  size. ) 

Plate  XII.  Five  large  Castilla  trees  standing  together.  La  Zacualpa,  Chiapas, 
Mexico.  These  trees  are  a  part  of  the  plantation  shown  in  the  frontispiece, 
and  are  nearly  as  large  as  trees  standing  apart. 

Plate  XIII.  Yearling  Castilla  tree  planted  six  months  in  the  open,  Panzos,  Guate- 
mala. 

Plate  XIV.  Yearling  Castilla  tree  at  Panzos,  Guatemala,  of  the  same  age  as  that 
shown  in  Plate  XIII,  but  standing  in  the  shade  and  showing  retarded  growth. 

Plate  XV.  Thinly  shaded  Castilla  plantation,  trees  18  months  old,  I^  Zacualpa, 
Chiapas,  Mexico. 

Plate  XVI.  Native  method  of  tapping  Castilla  tree,  La  Zacualpa,  Chiapas,  3kIexico. 

Plate  XVII.  Native  method  of  coagulating  latex.  Fig.  1. — Spreading  latex  on 
Calathfea  leaf,  a  leaf  already  coated  shown  at  the  right,  lying  in  the  sun  to 
coagulate  the  rubber.  Fig.  2. — Pressing  the  two  coated  leaves  together,  to  unite 
the  two  sheets  of  rubber.  Fig.  3. — Pulling  the  leaf  away  from  the  rubber.  Fig. 
4. — The  finished  sample  of  rubber,  marked  by  the  veins  of  the  leaf. 

Plate  XVIII.  Fig.  1. — Sample  of  rubber  coagulated  in  a  bowl  by  juice  of  the  moon- 
vine.  Fig.  2. — Branches  bearing  clusters  of  ripe  fruit.  Fig.  3. — Base  of  tree 
severely  injured  by  careless  tapping,  but  making  new  growth  and  showing  the 
persistent  vitality  of  the  rubber  trees  of  this  region. 
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U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Wa^/ihigton,  D.  (\.  Ju}y  9.  1903. 

Sir:  I  have  the  honor  to  transmit  herewith,  and  to  recommend  for 
publication  as  Bulletin  No.  50  of  the  series  of  this  Bureau,  the  accom- 
panying paper  entitled  ''Wild  Rice:  Its  Uses  and  Propagation/' 

This  paper  was  prepared  by  Mr.  fMgar  Brown,  Botanist  in  Charge 
of  the  Seed  Labomtorv,  and  Mr.  Carl  S.  Scofield,  Botanist  in  Charofe 
of  (rrain  Gi'ade  Investigations,  and  has  been  submitted  by  the  Botanist 
with  a  view  to  publication. 

The  seven  half-tone  plates  are  essential  for  the  purposes  of  this 
bulletin. 

Respectfully,  B.  T.  (talloway, 

t  'li  ii'f  of  Bnrtitu, 

Hon.  James  Wilson, 

S^-cretary  <{f  A  (jrlcult u rt\ 
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P  R  K  V  A  C  E . 


Wild  rice  {Zizaiiia  cupiaina)  is  still  an  important,  if  not  the  chief, 
farinaceous  food  for  probably  30.0<K)  of  the  American  al)origines, 
notably  the  Ojibwas.  It  is  the  principal  fattening  agent  too  for 
myriads  of  wild  fowl  in  the  eastern  half  of  the  United  States.  It  is 
now  being  placed  on  the  market  in  a  small  way  as  a  breakfast  food. 
On  account  of  its  great  value  as  a  food  for  game  birds  it  has  been 
wideh'  and  justly  recommended  as  a  suitable  plant  for  shallow  lakes 
and  sluggish  streams  which  are  maintained  as  shooting  preserves. 
The  seed  has  been  extensivelv  marketed,  but  in  most  cases  with 
results  unsatisfactory  to  the  buyer,  for  usually  it  fails  to  germinate. 
So  nearly  universal  was  the  difficulty  that  some  seedsmen  who  did  not 
wish  to  disappoint  their  customers  refused  to  handle  the  seed,  or 
sold  it  only  in  small  quantities.  For  a  time  it  w^as  supposed  that 
the  loss  of  vitality  was  due  to  the  scorching  to  which  the  seed  was 
subjected  when  gathered  for  food  by  the  Indians,  but  it  was  found 
that  seeds  which  had  never  been  scorched  failed  also  to  germinate. 
It  was  then  determined  to  tr}^  a  series  of  experiments  based  on  the 
observation  that  the  grain  of  wild  rice  is  still  somewhat  soft  and  moist 
at  maturity  and  falls  into  the  water  immediateh'  without  hardening. 
These  experiments,  which  are  recorded  in  this  report,  show  that  the 
waj'  to  preserve  the  vitality  of  the  seed  is  to  keep  it  from  becoming 
thoroughly  dry,  at  the  same  time  aerating  it  sufficiently  to  prevent 
molding.  The  practical  course  suggested  to  buyers  is  to  place  their 
ortlers  before  the  time  of  the  wild  rice  harvest,  have  the  seed  shipped 
immediately  on  maturity,  and  sow  it  at  once. 

The  observations  and  experiments  were  delegated  to  two  inyesti- 
gators,  Mr.  Carl  S.  Scofield,  who  made  an  examination  of  the  plant 
in  its  natural  situation  in  Minnesota,  and  Mr.  Edgar  Brown,  who  con- 
ducted the  storage  and  germination  tests. 

Frederick  V^.  CoyiLLE, 

Botanht, 

Office  of  the  Botanist, 

Wmhmgton^  D,  6'.,  July  S^  1903, 

6 


V 


CONTEXTS. 


Page. 

IntrfKluotioii 9 

Distribution  ami  habitat  of  tlie  plant 10 

Life  hiHtory  and  natural  propagation 13 

Botanical  description 13 

General  niorpholojry 14 

The  root 14 

The  stem 14 

The  leaves 15 

The  panic!  ' 15 

Varieties' 16 

Diseases 18 

Harvesting  the  seed 18 

Preparation  of  the  seed  for  food  purposes 19 

The  food  value  of  wild  rice 20 

Artificial  propagation 21 

Previous  failures  in  planting 21 

Plantings  made  in  1902 22 

Storing  seed 22 

Suggestions  for  harvesting,  storing,  and  planting 23 

Description  of  plates 24 


ILLUSTRATIONS. 


Page. 

Plate  1.  FieM  of  wild  rice  just  heading  out,  near  Bemidji,  Minn Frontiepieoe, 

II.  Stems  of  wild  rice,  natural  size.  Fig.  1. — Young  stems  of  wild  rice, 
showing  pseudonodes.  Fig.  2. — An  old  stem  of  wild  rice,  showing 
the  curvature  of  the  base 24 

III.  Fig.  1. — A  staminate   flower  of   wild  rice,   enlarged   seven  times. 

Fig.  2. — A  pistillate  flower  of  wild  rice,  with  outer  glume  removed, 
enlarged  seven  times 24 

IV.  Fig.   1. — A   ])istillate    flower    of  wild  rice,   enlarged   seven   times. 

Fig.  2. — Panicles  of  wild  rice,  showing  ergot  infection,  natural  size,         24 
Y.  Panicles  of  wild  rice.     Fig.  1. — Type  of  the  panicle  of  Potomac  wild 

rice.     Fig.  2.  —Type  of  the  i>anicle  of  Minnesota  wild  rice 24 

Yl.  Fig.  1. — Indian  woman  parching  wild  rice.     Fig.  2. — Freshly  gath- 
ered wild  rice  drying  on  a  scaffold 24 

YII.  Wild  rice  seed  with  the  hull  on,  with  the  hull  off,  and  parched, 

natural  sizQ ' 24 

8 


B.  P.  1,-68.  B.  I.  E.— 54. 

WILD  RICE:  ITS  USES  AND  PROPAGATION. 


INTBODUCTIOK. 

The  importance  of  wild  rice  as  a  food  for  wild  fowl  and  the  interest 
in  its  artificial  propagation  are  indicated  b}^  the  large  number  of 
inquiries  regarding  it  that  have  come  to  the  Department  of  Agricul- 
ture during  recent  years.  These  inquiries  have  emanated  from  many 
different  localities  widely  separated,  thus  showing  that  the  interest  in 
this  plant  is  not  confined  to  any  limited  region.  The  genei'al  demand 
has  been  to  know  where  viable  seed  of  this  plant  could  be  obtained 
and  how  and  where  it  should  be  sown  to  bring  successful  results. 
Some  interest  has  also  been  manifested  in  the  possibilities  of  prepar- 
ing from  this  seed  a  commercial  cereal  food. 

The  seed  of  wild  rice  has  been  used  for  food  by  the  Indians,  par- 
ticularly those  of  the  middle  Northwest,  since  an*  long  ago,  at  least,  as 
the  first  acquaintance  of  the  white  man  with  their  customs.  Notwith- 
standing the  abundance  of  other  forms  of  cereal  food,  such  as  flour 
and  corn  meal,  since  the  advent  of  the  white  man,  the  Indian  of  the 
upper  Mississippi  Valley  has  continued  to  use  large  quantities  of  wild 
rice,  and  this  too  in  spite  of  the  fact  that  the  harvesting  and  cuiing 
of  the  seed  require  considerable  arduous  labor.  Wild  rice,  as  pre- 
pared for  food  b}'  the  Indians,  is  highly  esteemed  by  the  white  men 
who  have  had  the  opportunity  of  testing  it  and  the  entire  available 
supply  now  sells  at  from  two  to  three  times  the  price  of  ordinary 
white  rice. 

While  by  far  the  largest  demand  for  information  regarding  this 
plant  has  come  from  men  or  organizations  wishing  to  secure  viable 
seed  for  planting  near  shooting  grounds  to  attmct  wild  fowl,  the  possi- 
bility of  preparing  from  the  seed  a  large  and  regular  supply  of  a  nutri- 
tious and  highly  flavored  cereal  food  has  received  some  attention. 
The  importance  of  maintaining  good  feeding  grounds  for  wild  fowl,  of 
which  the  propagation  of  wild  rice  is  a  very  important  element,  needs 
no  discussion,  and  the  desirability  of  propagating  a  plant  which  will 
make  the  otherwise  waste-water  areas  of  the  upper  Mississippi  Valley 
yield  a  valuable  and  highly  esteemed  cereal  is  also  evident. 
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DISTBIBUTIOK  AND  HABITAT  OF  THE  PLANT. 

The  wild  rice  plant  {Zlzania  aqiuUica  L.)  occurs  naturally  over  a 
wide  area  in  the  United  States  and  southern  Canada.  The  same  species 
is  also  reported  from  Japan,  Formosa,  and  China.  It  finds  its  liest 
environment  in  the  United  States  in  fresh-water  lakes  and  river 
sloughs  and  along  the  seacoast  where  streams  meet  tidewater.  It 
requires  that  the  water  in  which  it  grows  be  fresh,  that  is,  not  brackish, 
and  that  it  be  neither  quite  stagnant  nor  too  swiftly  moving,  and  while 
it  thrives  on  a  wide  varietv  of  soils  under  these  waters  it  does  best 
where  the  bottoms  are  soft  and  muddy. 

The  change  in  water  level  where  the  plant  grows  is  an  important 
item.  For  instance,  it  will  frequently  fail  to  do  well  or  to  grow  at  all 
in  some  of  the  northern  lakes  through  which  the  MissisvSippi  flows, 
especially  if  the  annual  change  in  water  level  in  these  lakes  is  more 
than  2  or  8  feet.  There  is  on  this  account  in  the  minds  of  some  observ- 
ers an  opinion  that  wild  rice  normally  grows  only  alternate  years,  or 
at  least  that  it  does  not  grow  every  year  in  a  given  locality.  This 
idea  is  without  foundation  and  its  existence  is  probably  due  to  the 
fact  that  occasional  years  of  high  water  prevent  the  development  of 
wild  rice  for  that  year,  while  a  normal  level  the  following  year  per- 
mits the  regular  growth. 

This  calls  attention  to  the  peculiar  vitality  of  the  seed  of  this  plant. 
It  is  evident  that  if  the  growth  of  wild  rice  in  a  given  locality  is 
wholly  prevented  for  a  year  by  high  water  and  there  is  an  abundant 
growth  the  next  year  when  the  water  level  is  normal,  there  must  be  a 
large  proportion  of  the  seed  which  remains  dormant  and  viable  for  at 
least  eighteen  months  after  it  reaches  maturity. 

In  streams  affected  by  tidewat  u-,  however,  where  the  daih'  change 
of  water  level  sometimes  amounts  to  3  feet  or  more,  wild  rice  may 
grow  vigorously.  It  is  abundant  along  the  shores  of  the  lower  Potomac, 
where  it  grows  on  mud  flats  that  are  nearly  or  quite  exposed  at  low  tide 
and  submerged  by  2  to  8  feet  of  water  at  high  tide.  The  plant  has  in 
this  case  become  adapted  to  this  frequent  change  of  water  level,  but  if 
for  any  reason  high  water  were  retained  over  these  beds  for  any  con- 
siderable length  of  time  during  the  early  spring  the  plants  would 
hardly  develop. 

The  following  table  shows  the  results  of  analyses  of  soils  from  various 
wild-rice  fields.  These  results  are  given  to  show  the  general  nature 
and  physical  condition  of  the  soils  of  lake  bottoms  where  wild  rice 
ordinarily  grows  and  to  show  the  limits  of  the  adaptation  of  the  plant 
to  the  salty  conditions  found  where  fresh-water  streams  meet  tide- 
water. These  analyses  were  made  by  the  Bureau  of  Soils  of  this 
Department. 
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Anahf$es  of  soil  mmples  taken  from  the  imld-rirx  beds  near  Bemidjiy  ^finn, 


Sample  number. 


1 
2 
3 


Per  cent 

pa.H}<ing 

2-mm. 

sieve. 


Per  cent 
organic 
matter. 


80.3 
95.7 
98.9 


0.63 

9.a=> 

10.89 


Per  cent 
CO,. 


0.08 
18.00 
26.17 


Resi.stance 

»4tiv^o^n  "f  SatU- 

nitrogen.    r^ted  .soil.a 


Per  cent 


O.W 
.20 
.6.1 


4.700 
1,208 
1J14 


Analyses  of  soil  samples  from  wild-rice  beds  on  Potomac  Hois. 


Sample  number. 


Per  cent 
paxsing 

2-mm. 

rieve. 


Per  cent 
organic 
matter. 


4. 

5. 


87.7 
98.3 


6.00 
8.61 


Per  cent 
CO*. 


0.20 
.24 


Resistance 
nitrogen.    ra'jLrsoVl.a 


Per  cent 


0.14 
.18 


805 
1,141 


Analyses  of  soil  samples  from  wild-rice  beds  at  Chesapeake  Beach ^  Md. 


Sample  number. 


6. 
7. 

8. 


Per  cent 

passing 

2-mm. 

sieve. 


95.7 
98.9 
90.9 


Per  cent 
organic 
matter. 


1.56 
1.30 
1.86 


Per  cent 
COo. 


0.16 

.2:} 

.66 


Per  cent 
nitrogen. 


0.07 
.0<*. 
.06 


Resistance 

of  satu- 
rated soil.« 


333 
45 
42 


oThifl  heading  refers  to  the  electrical  resistance  of  the  saturated  soil.  In  a  general  wav,  the  elec- 
trical resistance  of  a  saturated  soil  varies  inversely  with  the  content  of  soluble  snlt^i.  See  Bulletin 
No.  8,  Division  of  Soils,  U.  S.  Department  of  Agriculture,  "An  Electric  Method  of  Determining  the 
Soluble  Salt  Content  of  Soils,"  by  Milton  Whitney  and  Thomas  H.  Means:  also  see  'Chemical  Exam- 
ination of  Alkali  S^Mls,"  by  Atherton  Seidell,  page  65  ct  seq.,  in  Bulletin  No.  IS,  Division  of  Soils, 
U.  S.  Department  of  Agriculture,  "Solution  Studies  of  Salts  Occurring  in  Alkali  Soils."  by  Frank  K. 
Cameron,  Lyman  J.  Briggs,  and  Atherton  Seidell. 

Water  soluble  constituents  in  .wil  samples  from  Chesapeake  Beachy  Md. 


Sample  number. 

co.^. 

HCOs. 

n. 

Per  ct. 

0.042 

.380 

.408 

SO4. 

Ca. 

Per  ct. 

0.018 

.084 

.032 

Mg. 

Na. 

Per  ct. 

0.W4 

.174 

.250 

K. 

Per  ct. 

0.016 

.OW 

.    .032 

Total. 

6... 
7... 

•*•••••"""••"••"*■"■•••"• 

Per  ct. 

O.OW 

Trace. 

Trace. 

Per  ct. 

0.(M8 

.108 

.120 

Per  ct. 

0.016 

.018 

.062 

Pfr  ct. 

0.006 

.018 

.022 

Per  rf. 
0.224 
.812 

8 

.926 

Sample  No.  1  was  taken  from  near  Bemidji,  Minn.  The  lake  bot- 
tom at  this  point  bore  practically  no  vegetation  except  the  wild  rice 
plants.  The  soil  was  hard  and  sandy  and  covered  with  a  thin  layer  of 
pine  bark  and  debris.  While  the  plants  were  not  numerous,  they  were 
vigorous  and  apparently  doing  very  well. 

Sample  No.  2  was  also  taken  near  Bemidji,  Minn.,  from  the  midst 
of  a  wild  rice  field  where  the  water  was  21  inches  deep  and  the  soil 
was  hard  and  stickv  below  a  thin  laver  of  soft  mud.  This  laver  of 
soft  mud,  which  the  sample  represents,  was  about  4  inches  thick  at 
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thi^i  point.  Here  the  wild  rice  was  not  vigorous  and  the  plant^^  were 
branched  very  little,  though  they  grew  very  thickh'  and  stood  8i  to  4: 
feet  al)ove  the  water. 

Sample  Mo.  3  was  also  taken  near  Bemidji,  Minn.,  from  a  locality' 
where  the  wild  rice  was  veiT  thick  and  the  plants  were  strong  and 
vigorous  and  reached  6  feet  out  of  water.  The  water  was  21  inches 
deep  and  the  bottom  very  soft  for  an  additional  18  inche*^,  and  it  was 
not  firm  for  some  distance  farther  down. 

Sample  No.  4  was  taken  from  a  wild-rice  bed  on  the  Potomac  Flats, 
Washington,  D.  C.  The  water  level  here  changes  with  the  tide  and 
varies  from  6  inches  below^  the  level  of  the  mud  flat  to  2i  feet  above. 
The  mud  la3'er  is  6  inches  deep,  underlaid  with  sand  and  gravel.  The 
sample  was  taken  from  the  6-inch  mud  layer.  The  plants  averag-ed 
about  7  feet  in  height  and  were  vigorous  and  health}-. 

Sample  No.  5  was  taken  from  another  wild-rice  bed  on  the  Potomac 
Flats,  Washington,  D.  C.  The  water  level  changes  were  as  in  No.  4, 
but  the  mud  bank  was  higher,  so  that  the  water  was  onW  14  inches 
deep  at  high  tide.  The  mud  layer  had  been  made  from  dredging 
deposits  and  w^as  2  feet  or  more  in  depth.  The  plants  were  about 
7  feet  high,  but  somewhat  less  vigorous  than  those  from  the  locality 
where  sample  No.  4  was  obtained. 

Samples  Nos.  6,  7,  and  8  were  obtained  from  a  wild-rice  bed  near 
Chesapeake  Beach,  on  Chesapeake  Bay.  These  samples  were  taken  to 
determine  the  tidewater  limits  of  wild  rice  or  the  amount  of  sea  salt 
the  plant  can  endure. 

Sample  No.  6  was  taken  where  wild  rice  was  growing  thickly.  The 
plants  were  vigorous,  though  rather  small,  not  over  6  feet  high  and 
entirely  out  of  water,  but  the  soil  was  very  wet  and  kept  so  by  fresh- 
water seepage  from  a  stream  above. 

Sample  No.  7  was  taken  from  near  the  same  place  as  No.  6,  but  just 
outside  the  limits  of  the  thick  growth  of  wild  rice,  at  a  point  where  a 
single  plant  was  growing  feebly.  This  probably  marks  the  extreme 
limit  of  adaptation  of  the  plant  to  salty  soils. 

Sample  No.  8  was  obtained  a  few  feet  nearer  the  bay  than  Nos.  6 
and  7  and  where  no  wild  rice  was  growing,  but  where  the  soil  w^as 
supporting  other  vegetation. 

Thus  while  it  appears  that  wild  rice  will  grow  on  a  wide  variety  of 
soils,  it  needs  for  its  best  development  approximately  the  following 
conditions: 

Soft  alluvial  soil,  covered  with  from  12  inches  to  4  feet  of  water. 
The  water  level  should  not  have  an  annual  variation  greater  than  18 
or  2U  inches.  The  water  should  be  constantly  freshened  by  slight 
movement  and  consequent  aeration. 
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LIFE  HISTOBT  AND  KATTJBAL  PBOPAGATIOK. 

The  wild-rice  plant  is  an  annual.  It  bears  abundant  crops  of  seeds 
which  fall  directU^  into  the  water  as  soon  as  ripe  and  lie  buried  in  the 
mud  l>elow  until  the  following  spring  when,  if  conditions  are  favor- 
able, they  germinate  and  produce  new  plants.  In  the  northern  lakes 
the  long  ribbon-like  leaves  appear  floating  upon  the  surface  of  the 
water  late  in  May.  By  the  latter  part  of  June  the  stems  have  grown 
sufficiently  to  raise  the  leaves  above  the  water.  In  the  South  the 
growth  starts  much  earlier.  On  the  mud  flatus  of  the  lower  Potomac 
the  plants  may  be  6  inches  high  by  the  1st  of  May.  Strange  as  it  may 
seem,  the  period  of  flowering  and  ripening  of  wild  rice  is  almost  the 
same  in  northern  Minnesota  and  along  the  Potomac  River  near  Wash- 
ington, though  on  account  of  the  earlier  start  in  the  southern  region 
the  period  of  growth  is  much. longer. 

The  panicles  appear  during  the  latter  part  of  July,  and  the  flowers 
open  immediately.  The  glumes  of  the  pistillate  flowei-s  separate  at 
the  base  to  allow  the  stigmas  to  protrude  and  be  pollinated  and  clos- 
ing again  soon  after  fertilization  is  accomplished  leave  the  withered 
stigmas  out^^ide.  Immediately  after  fertilization  the  young  seed 
begins  to  elongate,  and  gradualh'  Alls  the  space  within  the  floral 
envelope.  This  development  requires  about  two  or  three  weeks,  and 
as  soon  as  it  is  completed  the  connection  with  the  stem  is  weakened 
and  the  seed  falls  off.  The  time  of  maturing  of  the  different  seeds  in 
a  single  panicle  extends  over  several  days,  the  seeds  on  the  tips  of  the 
branches  ripening  first. 

The  seeds  on  falling  usuall}^  strike  the  water  with  the  point  of 
attachment  below  and  sink  immediately  to  the  bottom.  If  by  accident 
the  distal  end  strikes  flrst,  enough  small  particles  of  air  are  caught  by 
the  barbs  borne  there  to  keep  the  seed  on  the  surface  of  the  water  for 
a  time,  but  as  these  air  bubbles  escape  the  seed  sinks. 

BOTANIGAIi  DESCBIPTIOK. 

Zizunta  aquatlca  L.  is  an  aquatic,  annual,  mon<ecious  grass.  The 
stems  are  tall,  erect,  and  hollow.  The  leaves  are  long  and  flat,  with  a 
heavy  midrib,  usually  slightly  nearer  one  margin  of  the  l)ladc  than  the 
other. 

The  flower  cluster  is  a  large  panicle,  bearing  the  staminate  flowers 
on  spreading  branches  l>elow  a^d  the  pistillate  flowers  on  erect  and 
more  or  less  closely  appressed  branches  above.  The  floral  bracts  are 
two  in  number,  the  outer  five  and  the  inner  three  nerved.  The  stami- 
nate flowers  have  six  stamens.  The  pistillate  flowers  are  borne  with 
the  larger  glume  toward  the  axis  of  the  plant.  The  styles  are  nearly 
separate  and  stand  at  right  angles  to  the  floral  axis,  protruding  on 
either  side  of  the  outer  glume  during  and  after  fertilization. 
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The  seed  is  nearly  cylindrical  in  ishape  and  long  and  slender,  purplish 
black  in  color  when  mature,  with  a  shallow  crease  along  one  side  and 
a  long,  slender  embryo. 

GENERAL   MORPHOLOGY. 

For  convenience  in  discussion  we  may  consider  the  wild-rice  plant 
as  consisting  of  four  principal  areas:  The  Root,  the  Stem,  the  Leaf, 
and  the  Panicle. 

The  Root, — Unlike  many  grasses,  wild  rice  produces  upon  germina- 
tion but  one  root,  arising  from  the  embrj^o  within  the  seed.  The  other 
two,  which  would  make  up  the  three  commonly  appearing  from  the 
seed  of  the  grasses  at  germination,  appear  upon  the  first  node  of  the 
shoot  above  the  seed,  which  usually  becomes  the  base  of  the  stem,  and 
from  this  and  the  nodes  closely  adjacent  above  arise  the  roots  which 
maintiiin  the  life  of  the  plant.  In  some  cases  large  roots  start  from 
the  first  and  even  from  the  second  node  above  the  base  of  the  stem 
in  case  a  bi'anch  develops  at  either  of  these  places  and  conditions  are 
favorable,  but  for  the  most  part  the  roots  occur  only  at  the  base. 

The  base  of  the  stem,  shown  in  Plate  II,  fig.  2,  is  of  peculiar  cur\'ed 
shape.  The  roots  arise  in  rows  or  whorls.  The  lower  ones  are  slen- 
der and  fibrous,  while  the  upper  ones,  which  are  later  and  larger, 
function  chiefl}'  as  a  means  of  support  or  anchoi'age.  The  root  sys- 
tem of  the  plant  does  not  usually  penetrate  deep  into  the  mud. 

The  Stt^iii, — The  stem  of  the  wild-rice  plant  is  essentially  a  hollow 
cone  divided  by  four  or  five  transv^erse  walls  at  the  principal  nodes, 
which  are  the  starting  points  of  the  leaves.  Further  divisions  are 
made  by  transverse  diaphragms  which  are  called  the  pseudonodes. 
(PI.  II,  fig.  1.)  These  pseudonodes  occur  at  short  intervals  in  each 
internode.  It  is  probable  that  they  function  in  making  water-tight 
compartments  to  keep  the  plant  afloat  in  case  of  injury  to  any  portion 
of  the  stem,  since  the  plant  under  normal  conditions  is  held  down 
by  its  roots  rather  than  supported  by  them,  and  when  released  from  its 
attachment  to  the  soil  readilv  floats  to  the  surface  of  the  water.  These 
pseudonodes  are  probably  the  phylogenetic  remnant  of  the  pith  of 
the  stem,  which  has  been  preserved  in  this  form  as  useful  to  the 
plant. 

Branching  of  the  stem  is  not  uncommon,  particularly  when  the  plant 
is  isolated  or  growing  in  shallow  water.  This  branching  usually 
occurs  from  the  basal  node  or  from  the  first  node  above,  though  I'arely, 
if  ever,  does  a  l)ranch  which  will  mature  arise  from  a  node  above  the 
water.  Vigorous  branches  arising  from  a  basal  node  frequently  throw 
out  other  branches,  so  that  a  cluster  of  several  stems  maj'  arise  from 
a  single  seed.  In  deep  water,  however,  or  where  plants  grow  thickly 
there  is  little  or  no  branching,  even  from  the  basal  node. 
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Tliff  Leaves, — A  leaf  arises  from  each  node  of  the  stem  and  consists 
of  the  sheath,  the  ligule,  and  the  blade. 

The  sheath  clasps  the  stem  closely  and  its  edges  overlap,  completely 
covering  the  stem  from  the  "node  from  which  it  starts  almost  to  the 
node  above.  The  midrib  is  prominent  in  the  sheath,  as  is  shown  in 
the  sectional  view  in  Plate  II,  tig.  1.  The  edges  of  the  sheath  are  often 
streaked  with  purple,  which  color  may  also  extend  into  the  ligiile  or 
even  into  the  blade  of  the  leaf,  being  usually  more  pronounced  near 
the  margins  of  the  part  in  which  it  occurs. 

The  ligule  of  the  leaf  is  the  thin,  membranaceous  extension  of  the 
sheath  at  the  base  of  the  blade,  which  clasps  the  stem  a>X)ve  the  sheath. 
(PI.  II,  fig.  1.) 

The  blade  of  the  leaf  is  peculiar  chiefl}'  in  that  its  midrib  is  not  in 
the  center,  being  a  little  nearer  one  margin  than  the  other.  Those 
leaves  which  arise  from  the  basal  node  or  from  the  first  node  al)ove 
the  base  are  the  ones  which  appear  upon  the  surface  of  the  water 
before  the  stem  is  developed.  After  the  stem  appears  these  floating 
leaves  cease  to  function  and  wither  awa3\  The  upper  leaves,  which 
are  supported  by  the  stem,  do  all  the  elaborating  work  after  the  stem 
appears  and  remain  green  and  vigorous  until  after  the  seeds  of  the 
plant  are  mature. 

The  Panicle, — The  panicle  may  be  considered  as  having  two  areas — 
the  staminate,  which  occurs  below,  and  the  pistillate,  which  occurs 
above.  The  staminate  portion  of  the  panicle  consists  of  whorls  of 
spreading  branches  arising  from  the  joints  of  the  axis.  These  pri- 
marv  bi*anches  Ijear  numerous  secondarv  branches,  which  in  turn  })ear 
the  flowers  or  spikelets. 

The  staminate  spike  let  consists  of  two  unequal,  soft,  purple  or  pale 
green  glumes  inclosing  six  bright  yellow  stamens.  The  larger  glume 
has  five  nerves  and  the  other  three.  The  larger  glume  bears  a  short, 
soft  beak,  and  its  edges  overlap  those  of  the  smaller  glume  in  the 
unopened  spikelet.  The  stamens,  after  the  spreading  of  the  glumes, 
break  open  along  their  entire  length  and  shed  their  liright  yellow 
pollen  out  into  the  air,  when  it  is  carried  by  the  wind  to  the  stigmas 
of  adjacent  plants. 

Cross  fertilization  of  wild  rice  is  insured  because  the  pistillate  por- 
tion of  the  panicle  appears  first  from  the  leaf  sheath  and  the  stigmas 
have  appeared  and  been  pollinated  by  other  plants  before  the  sttiminate 
spikelets  of  the  same  plant  have  been  released  and  opened. 

The  pistillate  portion  of  the  panicle  is  in  the  method  of  branching 
similar  to  the  staminate  portion,  except  that  the  branches  are  usually 
borne  nearly  or  quite  erect,  in  some  cases  being  closelv  appressed  to 
the  main  axis.  The  amount  of  spreading  of  the  branches  of  the  pistil- 
late portion  of  the  panicle  is  one  of  the  important  distinguishing 
marks  between  the  varieties  of  wild  rice.     The  spreading  is  due  to  the 
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developraent  of  the  prophyilum  at  the  juncture  of  the  branches  with 
the  main  axis.  When  this  prophyilum  is  well  developed  the  branch  is 
forced  out  and  the  panicle  is  spreading.  When  it  is  not  developed  the 
branch  remains  erect  and  closely  appressed  to  the  main  axis.  JFor  the 
most  part,  the  wild  rice  of  the  northern  Minnesota  lakes  is  of  the  type 
shown  in  Plate  V,  fig.  2,  having  the  branches  of  the  panicle  closely 
appressed,  though  there  are  occasional  panicles  in  which  some  of  the 
branches  spread.  On  the  other  hand,  the  wild  rice  growing  in  the 
vicinity  of  the  District  of  Columbia  has  a  very  open  or  spreading 
panicle.     (PI.  V,  tig.  1.) 

The  pistillate  flower  has  two  glumes  and  a  bifurcated,  much-branched 
stigma,  and  two  lodecules  which  surround  and  ainiost  conceal  the  com- 
paratively small  ovary.  (PI.  Ill,  fig.  2.)  The  larger  glume  is  five 
ribbed  and  bears  at  its  summit  a  stiflf,  usuallv  somewhat  twisted  awn  of 
several  times  its  own  length,  which  bears  numerous  barbs  or  bristly 
hairs.  There  are  also  short  bristles  borne  along  the  edge  of  the  j[rlume 
and  a  short  distance  down  along  each  of  its  nerves.  (PI.  IV,  tig.  1.) 
All  these  barbs  and  bristles  point  toward  the  tip  of  the  glume  and  are 
probably  of  assistance  to  the  seed  in  burying  itself  in  the  mud.  The 
smaller  glume  (PL  III,  fig.  2)  is  much  more  delicate  than  the  larger  one 
and  is  almost  entirelv  inclosed  bv  it.  It  has  three  delicate  ner\'es  and 
its  tip  is  so  surrounded  by  that  of  the  larger  glume  that  it  is  only  with 
difficulty  that  they  can  be  separated.  When  the  seed  reaches  maturity 
and  fills  the  glumes  they  are  held  so  firmly  together  that  the}"  must 
be  broken  to  be  removed. 

The  bifurcated  style  and  two  lodecules  are  shown  in  Plate  III,  tig.  2. 
The  styles  are  so  bent  as  to  stand  at  right  angles  to  the  axis  of  the 
ovary.  The  behavior  of  the  lodecules  at  tlie  time  of  fertilization  is 
very  interesting.  By  expanding,  as  the  result  of  the  absorption  of 
moisture,  they  force  the  glumes  apart  at  the  base  (PI.  IV,  fig.  1),  and 
at  the  same  time  the  stigmas  appear  on  either  side  of  the  smaller 
glume,  where  they  are  in  position  to  catch  any  pollen  that  may  be 
blown  upon  the  plant.  As  soon  as  fertilization  is  accomplished  the 
stigmas  wither  and  the  lodecules  cease  their  pressure,  the  smaller  glume 
again  returns  within  the  margins  of  the  larger  one,  and  the  ovary 
begins  to  develop. 

VARIETrES. 

W^hile  distinct  differences  in  size  and  form  of  panicle,  the  coloration 
of  the  plant,  and  the  size  of  the  seed  have  been  noticed  in  wild  rice 
from  varioiLs  regions,  there  is  as  yet  insufficient  evidence  to  justify 
making  a  new  species.  It  is  inipossible  to  saj"  at  the  present  time  to 
what  extent  these  differences  are  due  onlv  to  environment.  The  wild 
rice  of  northern  Minnesota  and  that  growing  along  the  lower  Potomac 
show  the  extreme  variations  in  some  respects.     The  Potomac  plants 
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grow  8  to  10  feet  high  and  6  to  7  feet  above  the  water  and  have  a 
very  large  panicle,  often  exceeding  2  feet  from  the  lower  joint  to  the 
tip  of  the  pistillate  end.  The  pistillate  portion  of  the  panicle  in  the 
Potomac  plant  is  distinctly  spreading  and  the  bninches  often  bear  17 
to  27  seeds.  The  plant  common  to  the  northern  Minnesota  lakes  is 
smaller  than  that  of  the  Potomac,  usuallv  reachinjr  onlv  3  or  4  feet 
above  the  water.  The  panicle  is  shorter,  rarely  if  ever  exceeding  20 
inches  in  length,  more  often  l^J  inches  or  less.  The  pistillate  portion 
rarelv  exceeds  10  inches  in  leny'th  and  usuallv  has  its  branches  doselv 
appressed.  When  spreading  of  the  ))ranches  of  the  pistillati*  portion 
of  the  panicle  does  occur  in  the  wild  rice  of  the  northern  lakes  it  is 
seldom  that  all  the  branches  of  a  panicle  are  spreading  — frequently 
onlv  1  or  2  of  them,  mrelv  more  than  4  or  5 — and  the  })ranches  of  the 
panicle  of  the  Minnesota  plant  rarely  carry  more  than  0  seeds,  usually 
from  8  to  7. 

The  following  table  of  seed  measurements  is  given  to  show  the  differ- 
ence in  size  of  wild  rice  seeds  from  different  regions.  These  measure- 
ments w  erie  nuide  on  the  seed  after  the  hull  was  removed  and  are  given 
in  metric  millimeters. 


Wild  rice  seed  from — 


Leni^th.  Diameter. 


Number 
!  mejwured. 


Potomac  River 


I 


Averaire     ^^^^^'  i  '^*"""     Weraire  I  ^•'^•" 


Mini- 
mum. 


IOC)  K5.77        l^.(K)         .S.yO  1.0-1 


Port  Hope,  Ontario 
Minnesota 


30  19. 'Jy       '-23.30       14.20  l.tl 


.V)  12.00.     15.10         9.00  l.(M         2.2.S 


1. 30  0.  .SO 

2.00  1.40 

1.30 


It  will  be  observed  from  this  tjible  that  the  seeds  from  northern 
varieties  are  larger,  particularly  nuich  thicker,  than  those  of  the 
Potomac  varietv. 

There  is  also  in  the  noi'thern-grown  wild  rice  a  marked  distinction 
in  coloration.  Some  of  the  plants  are  a  rich  purple  color  in  the 
panicle  and  have  a  large  amount  of  purple  coloring  in  the  leaf  sheath 
and  along  the  margin  of  the  leaf  blade,  while  others  remain  with 
almost  no  suggestion  of  any  color  but  green,  except  perhaps  a  pinkish 
tinge  in  the  glumes  of  the  staminate  flowers.  The  stamens  in  all  cases 
are  uniformly  of  a  rich  bright  yellow,  and  the  mature  seeds  are  always 
bla<*k.  Some  seeds  are  green  or  greenish  brown  in  color,  but  this  is 
due  to  their  immaturitv.  It  is  difficult  to  understand  this  difference 
in  color  in  wild-rice  plants.  It  has  been  shown  that  the  plants  are 
uniformly  cross-pollinated,  and  plants  of  both  colors  grow  side  by 
side  in  the  northern  lakes,  though  in  some  localities  plants  of  one 
color  or  the  other  predominate;  and  while  one  may  find  a  few  cjises  of 
colors  intergrading  between  these  two,  the  extremes  of  colomtion  are 
the  rule,  and,  except  in  rare  cases,  marked  coloration,  Avhen  it  occurs, 
extends  throughout  the  plant.     For  instance,  a  dark  pui-ple  pistillate 
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panicle  almost  invariably  accompanies  dark  purple  staminate  flowers  * 
and  a  large  amount  of  that  color  in  the  leaf  sheath  and  blade.     Color 
variation  is  found  in  the  Potomac  wild  rice,  though  to  a  much  less 
d(*gree. 

DISEASES. 

So  far  as  has  been  observed,  hut  one  fungous  disease  serioii^ily 
aifocts  wild  rice.  This  is  a  form  of  ergot  {CJaviceps^  species  undeter- 
mined, PL  IV,  tig.  2).  This  disease  has  been  found  Avidely  distributed 
through  the  wild-rice  fields  of  noi-thern  Minnesota,  and  though  it  is 
seldom  abundant,  no  Held  was  found  in  which  close  observation  did 
not  reveal  its  presence.  If  it  occurs  in  large  quantities  in  any  place 
it  is,  of  course,  a  decided  disadvantage,  as  the  seed  is  not  usually  so 
treated  as  to  make  the  sepamtion  of  the  sclerotia  at  all  easy,  and  serious 
damage  might  result  from  the  use  for  food  of  badh'  infected  seed  on 
account  of  the  poisonous  properties  of  the  fungus. 

HAKVESTING  THE  SEED. 

Almost  all  the  wild-rice  seed  now  harvested  is  gathered  by  Indians 
into  birch-bark  canoes.  This  is  done  usually  by  two  persons  working- 
together,  one  standing  in  the  bow  of  the  canoe  and  propelling  it  with 
a  forked  stick  and  the  other  seated  in  the  stern  with  two  short  sticks, 
)>v  means  of  which  the  plants  on  either  side  of  the  canoe  are  gently 
pulled  over  it  and  the  ripe  seed  l)eaten  off.  Ko  attempt  is  made  to 
get  all  the  seed  off  the  plants  at  one  time.  It  is  customary  rather  to 
take  only  the  seed  which  falls  readil}'  and  to  visit  the  same  plants 
later  as  more  seeds  ripen.  The  period  of  ripening  extends  over  nearly 
two  weeks  for  any  field  and  over  several  days  for  any  single  plant* 
so  that  were  one  to  attempt  to  harvest  all  the  rice  ou  a  given  area  it 
would  be  necessary  to  go  over  that  area  at  least  four  or  five  times  at 
intervals  of  from  two  to  three  days.  Recently  some  attempts  have 
been  made  to  construct  machinery  for  harvesting  wild  rice  seed  from 
boats  driven  bv  screw  or  drawn  bv  cable.  So  far,  however,  such 
endeavors  have  not  been  entirelv  successful. 

It  is  customary  in  some  sections  for  the  Indians  to  pi'cpare  wild  rice 
for  harvesting  l)v  going  through  the  field  before  any  of  the  seed  is 
quite  ripe  to  draw  the  heads  of  adjacent  plants  into  bunches,  which  are 
finuly  tied  together,  so  that  tlie  seed,  as  it  ripens,  will  not  fall.  This 
custom,  hoAvever,  is  not  universal,  and  is  only  resorted  to  when  the 
supply  of  wild  rice  is  not  abundant  and  it  is  desirable  to  gather  as 
much  as  p()ssi})le  from  certain  fields.  When  a  portion  of  a  field  is  .so 
tied  u[)  it  can  be  left  until  after  all  the  untied  seed  has  l)een  harvested 
or  has  fallen,  and  in  this  way  the  harvesting  period  is  extended.  This 
preliminary  tying  is,  of  course,  a  tedious  operation,  and  would  l)e 
expensive  were  the  time  of  the  operator  a   salable  quantity.     The 
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harvesting  of  wild  rice  is  not  regarded  bv  the  Indians  as  a  particularly 
arduous  task,  though  attempts  by  white  men  to  do  the  same  work  have 
not  proved  very  successful. 

PREPARATION  OF  THE  SEED  FOR  FOOD  PURPOSES. 

After  the  wild-rice  seed  is  harvested  into  the  canoe,  it  is  taken 
ashore  and  put  in  piles  or  spread  out  for  a  preliminary  drying.  (PI. 
VJ,  lig.  2.)  If  allowed  to  remain  piled  up  for  more  than  a  few  hours 
when  fresh,  fermentation  sets  in,  as  the  seed  is  very  damp  and  soft 
when  gathered,  so  that  almost  immediately  after  it  is  harvested  it  is 
either  spread  out  thinly  to  dry,  or  is  parched  ready  for  hulling.  The 
parching  is  at  present  done  hy  the  Indians  in  a  very  primitive  way,  as 
is  shown  in  Plate  VI,  lig.  1.  The  seed  is  put  into  a  kettle  over  a  slow 
tire  and  stirred  with  a  stick  until  it  is  roasted  so  that  the  hull  is  brittle 
enough  to  be  easily  broken.  Not  much  more  than  a  half  Ijushel  can 
be  parched  at  a  time,  and  it  requires  from  half  an  hour  to  an  hour  to 
parch  a  single  lot,  and  the  seed  demands  constant  attention  throughout 
the  parching  process  to  keep  it  from  burning.  Unless  stirred  evenly 
the  kernels  pop  open  or  become  so  brittle  as  to  break  up  badly  in  the 
subsequent  hulling  process.  There  is  a  most  excellent  opportunity 
for  the  development  of  some  simple  device  for  the  uniform  parching 
of  wild-rice  seed.  The  parching  is  what  gives  the  seed  its  highly 
esteemed  flavor  as  a  food,  and  if  this  operation  and  the  subse([uent 
hulling  can  be  done  uniformly  the  percentiige  of  burned  and  broken 
seed  will  be  much  less  than  at  present,  and,  furthermore,  the  cost  of 
production  of  the  food  will  be  very  greatly  reduced. 

After  the  seed  has  been  parched  it  is  spread  out  to  cool,  and  soon 
after  it  is  hulled.  The  hulling  is  at  present  th(»  most  tedious  opemtion 
in  the  whole  process  of  preparation.  The  Indians  ordinarily  accom- 
plish it  by  putting  about  a  bushel  of  the  seed  into  a  hole  in  the 
ground,  lined  with  cedar  staves  or  ))urnt  clay,  and  then  ])eating  or 
punching  it  with  heavy  sticks.  Often  three  or  four  men  work 
together  on  one  lot.  After  the  seed  has  l)een  beaten  until  the  hulls 
have  all  been  c nicked  or  broken,  the  grains  and  hulls  are  separated  hy 
tossing  the  mixture  up  into  the  wind  from  light  birch-bark  baskets. 
After  the  parching  and  hulling  are  finished  the  grain  is  sufficiently 
dry  to  ke.ep  indefinitely.  Plate  VII  shows  some  wild-rice  seed  with  the 
hull  on,  some  with  the  hull  removed,  and  souk*  pan^hed  seed,  also 
with  the  hull  removed. 

As  a  food  material  this  parched  wild  rice  is  highly  esteemed  b}- 
those  who  like  the  "'gamy''  flavor  which  it  acijuires  by  parching.  It 
is  cooked  with  wild  fowl  and  also  used  as  a  l)reakfast  food.  For 
either  purpose  it  should  have  several  preliminary  washings  in  cold 
water  to  remove  anv  disajfreeable  smokv  taste.  It  is  also  used  to  a 
limited  extent  for  making  rice  cakes.     For  this  purpose  it  is  milled 


20 


WILD  rice;  its  uses  and  propagation. 


and  the  darker  outer  coat  is  sifted  out.  When  milled  without  being* 
parched  this  outer  coat  is  difficult  to  remove,  as  it  breaks  up  into 
small  i)articles  that  do  not  readily  separate  from  the  flour,  so  that  for 
all  use  as  food  the  seed  should  be  first  parched  and  hulled. 

The  results  of  chemical  analyses  given  below  show  approximately 
the  comparative  value  of  wild  rice  for  food  pui^poses.  For  the  table 
and  the  statement  concerninef  it  the  writers  are  indebted  to  Dr.  C.  F. 
Langworthy,  of  the  Office  of  Experiment  Stations  of  the  Department 
of  Agriculture. 

THE  FOOD  VALUE  OF  WIIJ>  BICE. 

The  table  below  shows  the  chemical  composition  of  wild  rice  and  a 
number  of  common  cereal  gi*ains.  Wild  rice  is  usually  cooked  in  a 
whole  or  cracked  form;  therefore  the  articles  selected  for  puqwses  of 
comparison  are  the  whole  grains  and  breakfast  foods  rather  than  the 
ground  grains. 

ComjMfrison  of  tnUi  rive  and  other  grains. 


Wild  rice: 

Whole  grain , 

Ground , 

Parched  whole  grain 

Parched  and  ground 

Rice.  iM)lished , 

Barley,  pearled , 

Wheat,  onw'ked  and  crushed. 

OatM,  rolled 

Corn  meal,  unbolted , 

Hominy 

Kafir  corn 

Buckwheat  flour 


Water. 


At  rt  nf. 

9.n 
VA 
11.2 

9.5  i 
1-2.3  ! 
11.  o 
10.1 

7. 7 
11.6 
11. s 
!(>.« 
i:?.() 


Pn>xein. 

Prr  crnt. 
12.9 

10.9 

14.6 

11.. 'S 

8 

8.5 
11.1 
16.7 
S.4 
S.3 
G.6 
6.4 


Fat. 


Carbo- 
hydrates. 


Ash. 


Fnel 

value  per 

pound. 


prr  cent.    Per  ceut.    Per  cent. 


.8 
.3 
1.1 
1.7 
7.3 
4.7 
.6 
8.8 
1.2 


75. 2 

74 

72.3 

76.9 

79 

77.8 

75.5 

66.2 

74 

79 

70.  Ti 

77.9 


1.4 
1.3 
1.2 
1.3 

.4 
1.1 
1.6 
2.1 
1.3 

.3 
2.2 

.9 


1.G25 
1,740 
1.630 

i.aoo 

1,630 
1,650 
1,686 
1.860 
1,730 
1,6S0 
1.596 
1.620 


As  will  be  .seen,  wild  rice  resembles  coninion  cereal  grains  quite 
closely  in  composition.  As  is  the  case  with  wheat,  rye,  barle^^  and 
other  grains,  the  greater  portion  of  the  nutritive  material  consists  of 
carbohydrfites,  although  the  amount  of  protein  is  proportionately 
large.  Wild  rice  contains  little  fat,  in  this  respect  resembling  rice, 
barley,  and  wheat  more  closely  than  corn  and  oats.  Judged  by  ita 
composition  and  fuel  value,  it  compares  very  favorably  wnth  the  com- 
mon cereal  grains.  Too  nuich  importance  should  not  be  placed  on  the 
variation  in  constituents  as  shown  by  figures  like  the  above,  since  it 
must  be  remembered  that  a  given  constituent  in  any  of  the  gmins  may 
vary  to  rather  wide  limits.  For  instance,  the  protein  in  commoii 
white  rice  varies  from  about  ♦>  to  11  per  cent.  So  few  analyses  of  wild 
rice  are  available  that  but  little*  can  be  said  regarding  the  range  in  the 
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proportional  amount  of  the  different  constituents.  Fuithemiore,  little 
is  known  of  the  comparative  digestibility  of  wild  rice  and  other  grains. 
From  its  extended  use  by  the  Indians  and  others  it  seems  safe  to  assume 
that  this  gmin  is  wholesome,  and  as  said  above,  analysis  shows  that  it 
if»5  like  the  more  common  cereals,  a  nutritious  food.  So  far  as  can  l)e 
learned  no  extended  study  of  the  proteids,  fats,  and  carbohydrates  of 
ivild  rice  has  been  carried  on.  Some  tests  which  were  rt^centlv  made 
showed  that  starch  is  present  in  large  amounts  and  in  the  form  which 
g-ives  a  blue  color  with  iodin.  No  attempt  was  made  to  study  other 
members  of  the  carbohydrate  group,  if  such  were  present.  Indications 
were  observed  of  an  enzvme  which  caused  fermentation  of  the  sfrain 
when  moistened. 

When  wild  rice  is  soaked  in  water  a  peculiar  odor  is  noticeable, 
recalling  that  of  damp  hay.  When  it  is  boiled  it  also  ix>ssesses  a 
characteristic  odor,  something  like  that  of  boiled  ))arley.  The  raw 
grain  has  a  starchy  taste,  while  the  cooked  grain  resembles  barley 
much  more  than  white  rice  in  taste.  The  flavor  is  characteristic  and 
is  relished  by  many.  When  cooked,  the  wild-rice  kernels  expand  to 
about  two  or  three  times  their  original  size,  and  except  for  the  bits  of 
dark  outer  covering  ordinarily  present  the  cooked  material  is  of  a 
gmvish- white  color.  In  Minnesota  and  adjacent  States  where  wild 
rice  is  best  known  it  is  usually  eaten  as  a  breakfast  cereal,  or  cooked 
in  much  the  same  manner  as  ordinary  white  rice. 

ABTIFICIAL  PROPAGATION. 

When  wild-rice  seed  is  to  be  used  for  propagating  purposes  it  is  now 
customaiy  to  secure  it  from  Indians  as  soon  as  possible  after  it  is  har- 
vested, and  to  spread  it  out  thinly  over  some  sort  of  a  floor  in  the 
Bbade  and  stir  it  frequently  until  it  is  dry.  Since  it  has  been  extremely 
difficult  to  germinate  seed  so  treated,  or  to  secure  successful  plantings 
from  seed  obtained  upon  the  market,  there  is  good  nnison  for  believing 
that  it  is  the  present  methods  of  curing  seed  that  are  at  fault.  It  was 
largely  for  the  purpose  of  determining  where  this  fault  lay  and  how 
best  to  remedy  it  that  investiijfations  were  instituted.  It  is  true  that 
many  of  the  unsuccessful  plantings  made  during  the  past  owe  their 
failure  to  the  improper  selection  of  the  place  for  planting,  due  to 
Ignorance  regarding  the  nature  of  the  plant  and  its  environmental 
requirements;  but  it  is  certainly  true  that  the  plant  ma}'  grow  in  many 
localities  where  it  is  not  now  found,  provided  good  seed  is  obtainal)le. 

PREVIOUS  FAILURES  IN  PLANTING. 

Some  instances  are  reiK)ited  where  successful  plantings  have  been 
made,  but  the  greater  number  have  proved  entire  failures.  This  is 
no  doubt  due  to  the  fact  that  the  seed  which  is  ordinarily  obtained 
from  the  Indians  is  treated  in  such  a  manner  as  to  kill  the  germ. 
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It  Ls  allowed  to  ferment  during  the  curing  proces.s  or  to  become  too 
dry,  either  of  which  conditions  seriously  injures  its  vitality.  Prac- 
tically all  attempts  to  germinate  thoroughly  dried  seed  have  proved 

unsuccessful. 

PLANTINGS  MADE  IN  1902. 

In  order  to  determine  the  best  methods  to  be  used  in  curing,  storing, 
and  planting  the  seed  a  series  of  plantings  was  made  both  in  northern 
Minnesota  and  at  Washington,  D.  C.  The  seed  was  collected  fresh 
and  planted  in  tubs  of  nmd  sunk  into  the  muddy  bottoms  Avhere  wild 
rice  naturall}"  grows.  The  tubs  were  covered  with  line  screen^s  to 
prevent  other  seeds  getting  in  and  to  prevent  the  removal  or  destruc- 
tion of  the  seed  planted.  These  plantings  were  examined  from  time 
to  time.  No  signs  of  germination  were  noticed  in  the  autumn  imme- 
diately following  the  planting,  but  at  the  time  the  naturally  sown  ^eed 
around  the  tubs  began  to  grow,  in  the  spring  of  1903,  the  seed  in  the 
tubs  was  found  to  be  germinating  freely,  thus  showing  that  when  the 
seed  is  planted  in  a  fresh  condition  and  never  allowed  to  heat  or  dry 
it  will  grow  well. 

Plantings  were  also  made  b}'  Mr.  D.  W.  Hallam,  of  Dover,  N.  H., 
in  a  number  of  ponds  where  wild  rice  had  never  grown.  In  some  the 
seed  was  planted  in  the  fall  of  VM)2,  and  in  others  in  the  spring  of 
li>08.  These  |)onds  were  visited  the  second  week  in  June,  1903,  and 
the  plants  were  found  to  l)e  growing  well  in  all  cases. 

STOBINa  SEED. 

Mr.  Ilallam  has  succeeded  in  keeping  wild  rice  seed  over  winter 
with  its  vitality  uninjured.  The  following  extract  from  a  letter  from 
him  under  date  of  April  15,  1903,  shows  how  this  was  done: 

Tho  wild  rice  was  orderetl  willi  instructions  to  ship  as  soon  as  gathered  without 
drying.  I  received  it  on  the  27tli  day  of  October,  1902.  The  barrel  was  placed  on 
end  in  the  shade  out-of-doors,  tlie  head  tiiken  out,  with  about  a  bushel  of  seeii,  and 
a  faucet  was  put  in  at  the  ])ottoni  to  drain  the  water.  The  seed  was  weighted  with  a 
cover,  and  cold  water  enough  to  fill  the  l)arrel  put  in  each  morning  and  drained 
out  daily.  Tlie  barrel  was  kept  full.  On  the  5th  of  December  ice  l)egaii  to  fonn  on 
the  inside  of  the  barrel.  Care  was  taken  in  adding  water  so  aa  not  to  bun?t  the 
barrel.  By  the  25th  of  December  there  was  a  frozen  mass  of  ice  and  seed  that  filled 
the  barrel.  No  water  was  then  added  until  the  middle  of  March,  and  then  only 
enough  to  keep  the  barrel  full,  for  as  yet  there  was  quite  a  mass  of  ice  and  see<i. 
Since  April  began  it  has  been  necessary  to  change  the  water  daily.  Our  water  here 
is  (juite  cold,  45°  to  55°  F.     I  have  sent  a  sample  bottle. 

The  seed  received  from  Mr.  Ilallam  with  this  letter  had  germinated 
and  had  sprouts  from  one-half  to  1  inch  in  length  when  it  arrived. 
Later,  a  larger  quantity  of  seed,  about  2  quarts,  was  received  from 
Mr.  Hallam,  of  which  75  per  cent  had  germinated. 

It  seems  from  the  results  of  the  experiments  referred  to  that  wild 
rice  can  be  successfully  grown  from  seed  either  by  sowing  the  fresh 
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seed  as  soon  as  it  is  gathered  or  ]>v  keeping  it  in  water  over  the 
winter  and  sowing  in  the  spring.  In  most  instances  it  will  no  doiil)t 
be  found  more  satisfactory  to  sow  in  the  fall,  providing  the  plaeo 
sown  can  be  protected  from  waterfowl  and  other  animals  likely  to 
destroy  the  seed,  since  such  a  practice  will  avoid  the  trouble  of  keep- 
ing the  seed  wet  during  the  winter.  When  the  seed  is  kept  in  water, 
either  for  stoi'age  or  transportation,  the  water  nmst  l)e  changed  fre- 
quently or  aerated,  as  fermentation  sets  in  if  it  is  allowed  to  stand  for 
any  length  of  time. 

The  seed  can  be  shipped  or  stored  for  a  short  time  by  packing  it  in 
dampened  moss  or  excelsior,  and  this  is  a  convenient  way  to  prepare 
it  for  shipment.  It  is  necessary  to  separate  the  seed  from  the  moss  or 
exeel^?ior  b}'^  laj^ers  of  cloth,  as  it  can  not  conveniently  be  sown  when 
mixed  with  either.  The  package,  wheii  made  up  thus  for  shipment, 
must  not  be  too  thick  or  too  tight  to  prevent  some  sliglit  circulation 
of  air,  or  fermentation  will  at  once  set  in. 

STJOGESTIONS  FOB  HABVESTINa,  STOBlNa,  AND  PLANTING. 

(1)  Orders  should  be  placed  before  the  harvesting  season  is  com- 
menced, so  that  the  seed  mav  be  shipped  immediately  after  it  is 
gathered. 

(2i)  Care  should  be  taken  to  gather  only  fully  matured  seed. 

(3)  Seed  should  not  be  allowed  to  dry  when  it  is  to  be  used  for 
propagation.  For  shipment  or  storage  it  must  be  kept  wet,  with 
frequent  changes  of  water,  or  packed  in  damp  moss  or  excelsior  in 
ventilated  packages. 

(4)  Wherever  practicable,  autumn  planting  is  recommended. 

(5)  Care  should  be  used  in  selecting  the  place  for  planting  seed  to 
get  the  proper  depth  of  water — from  1  to  3  feet,  with  a  thick  layer  of 
soft  mud  underneath — and  the  water  should  be  neither  quite  stagnant 
nor  too  swiftly  moving. 


DESCBTPTION  OF  PLATES. 

Plate  I.  Frontispiece.  Field  of  wild  rice  juet  heading  out,  near  Bemidji,  Minn. 
Thin  field  is  representative  of  a  larjre  area  in  northern  Minnesota  and  Wisconan, 
where  the  shallow  lakes  are  practically  filled  with  wild-rice  plants.  This 
photograph  wats  taken  August  28,  1902. 

Plate  II.  Stems  of  wiM  rice.  Natural  size.  Fig.  1. — Portion  of  the  stem  of  a 
young  plant  illustrate<i  in  long  sec-tion  to  show  the  j^seudonodes  and  a  portion  of 
the  leaf-sheath,  together  with  a  portion  of  the  stem  surrounded  by  the  leaf- 
sheath,  and  showiug  also  the  ligule  and  a  portion  of  the  leaf-blade  with  promi- 
nent midrib.  Fig.  2. — An  old  stem  of  wild  rice  showing  the  curvature  of  the 
base  and  the  root  scars  in  whorls. 

Plate  III.  Fig.  1. — .V  staminate  flower  of  wild  rice  shown  in  its  natural  position, 
with  the  glumes  spread  apart  and  the  six  empty  an  there  still  retaineil  by  the 
li lament.  Enlarged  seven  times.  Fig.  2. — Pistillate  flower  of  wild  rice,  with 
the  outer  glume  removed  to  show  the  lo<lecule8  and  the  stigmas  in  their  natural 
position,  projected  on  either  side  of  the  inner  glume.    Enlarged  seven  times. 

Plate  IV.  Fig.  1. — Pistillate  flower  of  wild  ric^e,  showing  both  the  outer  and  inner 
glumes  below  and  only  the  outer  glume,  with  its  prominent  awn  and  bristly 
hairs,  above.  The  illustration  shows  the  flower  at  the  time  it  is  ready  for  fer- 
tilization. The  lodecules  have  expanded  and  fort^ed  the  glumes  apart  below  to 
allow  the  stigmas  to  protrude  to  catch  the  ^wUen  blown  from  other  plants. 
Enlarged  seven  times.  Fig.  2. — Panicles  of  wild  rice  showing  ei^t  infection. 
The  fungous  diseai»e  {ClavicejtSj  species  undetermined)  attacks  the  young  ovarie 
of  the  wild-rice  plant  and  completely  destroys  them,  producing  in  their  stead 
irregular,  purplish  black,  masses  of  compact  hyph«j  which  are  called  solerotia. 
Xatuml  size. 

Plate  V.  Panicles  of  wild  rice.  Fig.  1. — Type  of  the  jmnicle  of  Potoniac  wild  rice. 
In  this  tyiK'  the  branches  of  the  pistillate  portion  of  the  panicle  are  spreading 
and  bear  from  17  to  27  spikeleta  or  seeds.  Alx)ut  one-fifth  natural  size.  Fig. 
2. — Ty]>e  of  the  panicle  of  Minnesota  wild  rice.  In  this  type  the  branches  of 
the  pistillate  jxirtion  of  the  panicle  are  closely  appreased  to  the  main  axis  and 
bear  from  3  to  7  spikelets  or  seeds.     About  one-fourth  natural  size. 

Plate  VI.  Fig.  1. — Indian  woman  parching  wild  rice.  The  wild  rice  is  parched  in 
a  large  kettle  over  a  slow  fire  and  must  be  stirred  continually  during  the  opera- 
tion to  i)revent  scorching  and  popping.  The  birch-bark  basket  shown  in  tbe 
foreground  is  the  one  ufeed  for  separating  the  wild-rice  seed  from  the  hulls  after 
it  has  been  parche<l  and  sufficiently  iK)unded.  Fig.  2. — Freshly  gathered  wiM 
rice  drying  on  a  scaffold.  The  seed  in  this  condition  is  exceedingly  moist  and 
will  ferment  imless  constantly  stirred  and  allowed  to  dry  rapidly. 

Plate  Vll.  Wild-rice  seed  with  the  hull  on(C),  with  the  hull  off  (B),  and  j^arched 
(A) ;  the  last  also  with  the  hull  removed.  The  parched  seed  shown  in  the  upper 
jKjrtion  of  the  picture  is  in  condition  to  be  used  for  food.     Natural  size. 
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I —THE  WILT  DISEASE  OFTOBACCO  AND  ITS  CONTROL" 


By  R.  E.  B.  McKesni 


I  PhygiologiM,  VrgetabU  ftifftotojiorii  (itkI  Phj/nologiral 
Inveetigatiim*. 


THE  DISBASX. 

The  wilt  type  of  disease  is  a  well-known  one,  affecting  cotton,  water- 
melon, cowpea,  tomato,  and  other  crops.  Until  the  present  there  has 
been  no  publication  hearing  on  tobacco  wilt,  although  the  writer  has 
been  acquainted  with  the  disease  for  a  number  of  j'ears  and  some  of 
the  Noi-th  Carolina  growers  have  been  traubled  by  it  for  at  leant  ten 


yeai-rt.     Accordingly,  before  considering  the  control  of  the  wilt  it  will 
l>e  necessary  to  give  a  brief  description  of  the  disease  and  its  cause. 

"  Durin);  the  paet  few  years  epeciinenB  of  tobacco  euflering  from  what  appcareil  to 
be  a,  true  wilt  disease  have  been  received  by  the  Department  from  a  number  of 
tobacco  diBtricts,  During  the  past  summer,  however,  in  a  certain  section  of  North 
Carolina  the  dieeaae  was  found  bo  destnictive  that  it  is  deemed  necessary  to  make 
this  preliminary  statement  concerning  the  diiHiase  and  itfl  control. 

A.  F.  Woons,  Pathologitl  and  PhysiiAoglet. 
Office  of  VBiBTABLB  Patholwucai,  anh  Physiolooical  Investjoationh, 

Wathin0on,  D.  C,  September  IJ,  1903. 
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So  far  as  known  the  wilt  disease  does  not  make  its  appearance  unl 
the  tobacco  has  attained  about  a  third  of  its  growth.  The  first  e^ 
dence  the  grower  has  of  the  disease  is  the  sudden  wilting^  or  di-oopin 
of  one  or  more  of  the  leaves.  This  wilting  is  not  a  temporary  oi 
caused  by  intense  sunlight  and  excessive  heat,  but  a  permanent  on 
followed  by  withering  of  the  wilted  leaves.  In  some  cases  only  a  fe 
of  the  leaves  are  killed.  As  a  rule,  though,  the  wilting  of  a  few  leav 
is  followed  by  wilting  and  the  subsequent  withering  of  all  the  leav^ 
of  the  plant.  (Fig.  1.)  Later  the  base  of  the  stem  blackens  and  rol 
An  examination  of  the  roots  at  this  stage  of  the  disease  shows  the 
likewise  to  be  blackened,  and  usually  soft  and  mush^^  As  a  rule,  tl 
tirst  diseased  plants  are  found  in  the  washes  and  lower  parts  of  tl 
iield.  In  the  sections  where  it  is  just  making  its  appearance  the  dise» 
may  be  confined  to  a  few  plants  in  the  field.  At  times  nearh^  the  entii 
field  will  go  down  with  the  disease  during  the  first  year.  In  almost  < 
cases  the  second  crop  planted  on  such  infected  fields  is  sure  to  be  pra 
tically  a  complete  loss. 

CAUSE  OF  THE  DISEASE. 

Although  the  disease  has  not  been  studied  to  the  same  extent  as  tb 
wilts  of  cotton,  watermelon,  and  cowpea,  still  the  history  of  the  wil 
in  the  field  and  the  microscopic  examination  of  diseased  plants  sho\ 
this  disease  to  be  of  the  same  type  as  the  wilts  of  cotton,  watermeloc 
and  cowpea  already  worked  out  by  Dr.  E.  F.  Smith  and  Mr.  W.  A 
Orton,  of  the  Department  of  Agriculture.  Microscopic  examination c 
wilted  tobacco  alwaj^s  reveals  the  presence  of  a  fungus  belonging  to  tb 
genus  Fusarlum  {Neocoshwspora),  This  is  found  in  the  woody  part 
of  roots  and  stem.  The  black  lines  running  up  through  the  wood  o 
the  stem  readily  reveal  to  the  naked  eye  when  cut  or  broken  across  th 
passage  of  the  fungus  up  the  stem. 

As  shown  by  the  work  on  other  wilt  diseases,  the  Fivsarium  is  a  soi 
fungus,  and  gains  entrance  to  the  plants  through  the^w<?  rooU.  ^ 
rapidly  spreads  into  the  larger  roots  and  up  into  the  stem.  The  pati 
of  the  fungus  is  through  the  woody  vessels  which  conduct  the  saj 
upward.  In  many  cases  the  growth  of  the  fungus  is  so  great  that  th< 
woody  vessels  are  almost,  if  not  completely,  plugged  up.  The  flowoi 
crude  sap  up  to  the  leaves  is  either  very  much  decreased  or  entirelj 
stopped.  Since  there  is  no  supply  of  water  from  the  roots  to  replace 
that  evapoi-ated  from  the  surface  of  the  leaf,  the  leaf  wilts  and  dies. 

CONTROL  OF  THE   IMSEASE. 

Once  a  plant  becomes  affected  by  the  disease  there  is  no  hope  of  it 
recovery,  and  w^hen  the  larger  part  of  the  field  is  affected  the  crop  is  ^ 
total  loss  to  the  grower.  Sudden  droughts  have  been  said  to  arrest  th< 
progress  of  the  disease,  but  they  do  not  save  the  crop.     The  treatineul 
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►f  the  wilt  must  be  one  of  prevention — that  is,  the  spreading  of  the 
lisease  must  be  prevented,  and  an  effort  made  to  rid  the  infected  fields 
>f  it.  In  treatment  of  the  disease,  it  is  of  the  greatest  importance  th&t 
ihe  long-lived  character  of  the  moldlike  threads  of  the  fungus  in  the 
loil  and  its  manner  of  reproduction,  or,  more  popularly  speaking,  of 
needing  itself,  be  borne  in  mind. 

The  Fusarium  has  been  known  to  live  in  the  soil  for  a  number  of 
y^ears  and  still  be  able  to  produce  the  disease.  This  is  particularly  true 
in  districts  with  mild  winters.  It  is  therefore  useless  to  plant  tobacco 
on  infected  fields  until  they  have  been  rested  for  a  period  of  from  five 
to  eight  years,  depending  upon  the  amount  of  disease  present.  During 
this  resting  period  sorghum,  corn,  wheat,  oats,  or  any  other  crop  of  the 
^•ass  family  may  be  planted  with  safety,  since  these  are  not  subject 
to  this  disease.  Sorghum  and  corn  are  particularly  recommended. 
Tomato  and  eggplant  also  suffer  from  a  wilt  disease.  That  the 
tobacco  wilt  is  the  same  as  that  affecting  these  plants  has  not  yet  been 
proved,  but  the  relations  of  the  tomato  and  eggplant  to  tobacco  make 
it  not  improbable  that  all  three  may  suffer  from  the  same  disease. 

In  order  to  eradicate  the  disease,  it  is  necessary  that  all  source  of 
infection  of  new  fields  be  destroyed.     All  diseased  plants  should  there- 
fore be  hurtled  on  the  field  v)here  tliey  wei^e  groum.     The  burning  of  the 
plants  does  not  mean  any  loss  to  the  grower,  because  the  chief  fertiliz- 
ing value  of  the  tobacco  stems  lies  in  the  amount  of  potash  which  they 
contain.     In  the  burning  the  potash  is  not  lost,  but  is  retained  in  the 
ash,  and  has  fully  as  much  value  as  before  burning.     If  the  diseased 
plants  are  not  burned,  they  are  scattered  about  and  serve  to  inoculate 
new  fields.     Plows  and  other  tools  used  on  the  infected  lands  should 
be  cleaned  where  used.     Since  the  growth  is  favored  by  acad  substances 
and  hindered  by  alkaline  substances,  washing  the  tools  with  soap  and 
water  is  advised,  since  the  slight  alkalinity  of  the  soap  acts  injuriously 
on  the  fungus.     None  of  the  diseased  tobacco  should  be  mixed  with 
manure  or  compost  heaps,  since  the  fungus  spreads  rapidly  through 
the  manure,  and  when  that  is  placed  on  the  land,  of  course  the  land 
becomes  infected  with  the  disease.     Manure  barns  in  which  diseased 
tobacco  has  been  placed  should  be  burned  and  barns  erected  on  new 
land.     A  number  of  cases  are  known  where  the  disease  has  lived  in 
the  manure  sheds  for  3^ears. 

As  an  additional  means  of  getting  rid  of  the  fungus  it  is  advised 
that  the  tobacco  stubble  be  plowed  up  in  the  antmini  and  burned  on 
the  field.  The  reason  for  this  is  twofold.  In  the  first  place,  this 
stubble  is  a  good  breeding  place  for  the  fungus  during  the  winter; 
secondly,  of  the  three  kinds  of  fruiting  or  seedlike  Ixxlies  formed  by 
the  Fusarium  the  one  most  difficult  of  destruction  is  produced  on  the 
roots  during  the  autumn  and  winter.  By  turning  up  the  stubble  in 
autumn  and  burning  it  these   seedlike  bodies  are  either  prevented 
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from  forminjr  or  are  largely  destroyed,  if  already  formed.  Tobacco 
suffering  from  wilt  will  rarely  set  seed,  but  should  such  happen  the 
seed  should  not  be  used,  because  it  would  be  poorly  formed  and  yield 
only  weak  seedlings. 

The  most  successful  method  of  combating  wilt  diseases  has  been 
found  to  be  the  selection  and  breeding  of  resistant  varieties.  For  the 
cowpea  and  cotton  this  has  been  accomplished  by  Mr.  W.  A.  Orton  of 
this  Department.  The  writer  has  selection  experiments  under  waj" 
which  may  yield  a  variety  of  tobacco  resistant  to  the  disease.  Until 
such  a  resistant  variety  is  obtained,  however,  it  is  essential  that  the 
precautions  just  advised  be  taken.  If  they  are  not  taken  the  ravages 
of  the  disease  will  become  greater,  whereas  if  they  are  followed  the 
disease  may  be  prevented  from  spreading  to  new  fields  and  probably 
to  a  large  measure  may  be  eradicated  from  old  fields. 

As  an  additional  precaution  it  is  recommended  that  no  fertilizers 
containing  kainit  or  muriate  of  potash  be  used.  These  are  not  only 
believed  to  make  conditions  favorable  for  the  continuance  of  the  dis- 
ease, but  they  also  give  the  leaf  poor  texture  and  bad  burning  quality. 
In  soils  deficient  in  lime  an  application  of  50  bushels  to  the  acre  may 
prove  advantageous.  Care  must  be  taken,  however,  not  to  use  too 
much  lime,  since  that  also  causes  the  leaf  to  burn  poorly. 

Observations  and  experiments  on  this  disease  will  be  continued,  and 
it  is  hoped  that  a  surer  method  of  control  ma}'  be  obtained  in  the  near 
future. 


B.  P.  I.— 98. 


II -THE  WORK  OF  THE  COMMUNITY  DEMONSTRATION  FARM 

AT  TERRELL,  TEXAS." 

By  Sbaman  a.  Knapp,  Special  Agent  m  Charge  of  Farmers*  Cooperative  Cotton  Demon- 

straiUm  Work. 


INTBODUCTION. 

The  work  of  the  Pointer  Demonstration  Farm  at  Terrell,  Tex.,  for 
1903  having  been  completed,  I  take  pleasure  in  submitting  a  detailed 
report  of  its  operations  and  results. 

Acting  upon  instructions,  I  visited  Terrell  and  organized  the  farm 
upon  a  practical  basis. 

A  committee  of  business  men  and  farmers  was  appointed  to  carry 
out  the  plans  agreed  upon.  This  committee  was  composed  of  W.  E. 
Flower  (president),  B.  T.  Childress,  J.  B.  Porter,  Walter  C.  Porter, 
J.  N.  Stallings,  F.  B.  McKay  (secretary),  W.  E.  Henderson,  and  C.  T. 
McGinnis.  Great  credit  is  due  these  gentlemen  for  their  judicious 
management  and  intelligent  services. 

« In  connection  with  the  work  of  the  United  States  Department  of  Agriculture  in 
Texas  and  Louisiana  in  demonstrating  the  possibility  of  growing  diversified  crops 
with  greater  profit  than  results  from  confining  attc^ntion  to  a  single  farm  product, 
and  also  in  showing  the  value  of  better  cultural  methods,  it  seemed  desirable  to 
make  special  demonstrations  in  certain  communities  of  the  benefite  which  would  be 
derived  from  the  rotation  of  crops,  thorough  cultivation,  the  intelligent  use  of  ferti- 
lizers, etc. 

The  citizens  of  Terrell,  Tex.,  offering  to  pay  the  expenses  of  such  a  demonstration, 
Dr.  Seaman  A.  Knapp,  Special  Agent  in  Charge  of  Farmers*  Cooperative  Cotton 
Demonstration  Work,  was  sent  to  that  city  and  organized  a  farm  on  the  general  basis 
outlined  in  this  report. 

It  is  believed  that,  though  only  simple  tests  were  made,  results  of  sufficient  value 
to  justify  calling  special  attention  to  them  have  been  obtained.  The  statement  of  the 
season's  work  is  not  presented  as  a  contribution  to  the  science  of  agriculture,  but 
merely  as  a  record  of  what  was  done  by  one  farmer  acting  under  the  directions  of  a 
representative  of  the  United  States  Department  of  Agriculture,  txjgether  with  that 
farmer's  testimony  that  he  found  decided  financial  benefit  resulting  from  follow- 
ing those  directions. 

Every  good  farmer  can  do  work  of  this  sort,  and  every  wide-awake  community 
can  oiiganize  a  demonstration  farm  to  show  the  people  in  its  section  that  marked 
financial  advantages  will  accrue  if  better  methods  of  soil  culture,  etc.,  are  followed. 

B.  T.  Galloway,  Chief  of  Bureau, 

United  States  Department  of  Agriculture, 

Bureau  op  Plant  Industry, 

WcuMngt/ony  Z>.  C,  January  S9,  1904- 
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The  demonstrations  were  under  the  immediate  management  of  Mr. 
Walter  C.  Porter,  one  of  the  most  capable  farmers  in  north  Texas, 
while  the  general  control  of  the  experiments  was  placed  in  my  hands. 

The  object  of  all  such  demonstrations  is  to  test  or  prove  some 
important  fact  bearing  upon  agricultural  conditions.  If  these  demon- 
strations are  conducted  in  such  a  way  that  few  persons  see  the  result 
or  learn  about  it,  little  is  accomplished.  The  plan  adopted  by  the 
committee  at  Terrell  involved  keeping  in  touch  with  the  work  on  the 
part  of  the  large  numl>er  of  business  men  and  farmers  who  had  sub- 
scribed to  the  guarantee  fund,  and  who  accordingly  made  frequent 
inspections  of  the  farm  in  order  to  see  how  the  work  was  progressing, 
a  personal  interest  l>eing  taken  in  learning  for  themselves  that  the 
methods  followed  were  in  accordance  with  the  best  agricultural 
practices. 

BESTTLTS  ACCOMPLISHED. 

Upon  the  final  settlement  for  the  operations  of  the  Demonstration 
Farm  for  the  season,  Walter  C.  Porter,  the  fami  manager,  announced 
that  he  had  cleared  $700  more  than  would  have  been  made  under  the 
ordinary  methods  of  farming  emplo\'ed  in  that  section,  and  he  stated 
that  in  1904  he  should  work  his  entire  farm,  about  800  acres,  upon 
the  basis  of  the  same  cultui'al  methods  whi(*h  had  been  followed  on  the 
experimental  plats.  Man}^  of  the  owners  of  large  farms  in  that  section 
of  the  State  made  similar  announcements. 

Hon.  E.  H.  R.  Green,  of  TerroH,  Tex.,  became  greatly  interested 
in  observing  the  results  accomplished  on  this  Demonstration  Farm, 
and  his  interest  took  a  practical  direction  when,  in  November,  1903,  he 
purcthased  410  acres  of  land  lying  adjacent  to  the  city  of  Terrell  and 
at  once  invested  a  large  amount  of  money  in  improvements,  with  the 
intention  of  establishing  one  of  the  most  complete  demonstration 
farms  in  the  United  States. 

METHODS  ElCPIiOYED. 

The  methods  employed  by  the  citizens  of  Terrell  in  establishing  this 
Demonstration  Farm  may  be  summarized  as  follows: 

(1)  Eight  practical  men  were  selected  to  act  as  an  executive  and 
advisory  committee,  with  full  authority. 

(2)  The  citizens  subscribed  a  sum  of  money  sufficient  to  guarantee 
that  any  contract  made  by  the  committee  would  be  carried  out. 

(3)  One  of  the  best  farmers  in  the  section  was  chosen  to  conduct  the 
demonstrations  upon  his  own  farm.  He  was  to  follow  strictly  all 
instructions  given  by  the  representative  of  the  Department  of  Agri- 
culture, and  if  the  result  showed  financial  losses  owing  to  changes 
from  the  methods  formerly  employed  he  was  to  be  fully  reimbursed 
out  of  the  fund  subscribed  by  the  citizens. 

It  was  the  intention  the  first  season  merel}'^  to  test  varieties  and  to 
investigate  the  effect  of  fertilizers,  methods  of  cultivation  and  plant- 
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ing,  etc. ,  leaving  an}'  special  effort  to  produce  large  crops  for  subsequent 
years  after  the  soil  conditions  had  been  accurately  determined.  It  was 
considered  wise  to  restrict  the  tests  to  the  ordinary'  farm  crops  of  the 
section. 

DESCBIPTIOK  OF  THE  FABM. 

The  demonstrations  were  made  on  a  tract  of  about  70  acres  of  mod- 
erately rolling,  light,  sandy  loam  upland,  underlaid  with  clay  at  a 
depth  of  about  2i  feet. 

This  land  had  been  planted  to  cotton  or  corn  everj  season  for  twenty- 
eight  years  without  the  use  of  a  commercial  fertilizer  and  without 
employing  any  renovating  crops,  except  upon  Plat  No.  2,  which  was 
planted  in  corn  and  cowpeas  the  preceding  year.  Nearly  all  the 
humus  had  been  removed  from  the  soil  of  this  farm  by  successive 
cropping  until  l)oth  the  corn  and  cotton  grown  upon  it  indicated  an 
impoverished  condition  of  the  soil. 

The  entire  tract  had  been  plowed  in  tlanuary  about  4^  inches  deep 
with  an  ordinary  turning  plow.  This  was  prior  to  the  establishment 
of  the  Denflonstration  Farm. 

FEBTILIZEK8  USED. 

The  basis  of  all  fertilizers  used  was  the  following  compound: 

Available  phosphoric  acid,  10  to  12. 
Total  phosphoric  acid,  12  to  15. 
^    Bone  phosphate  of  lime,  26  to  32. 
Potash  sulphate,  8  to  12. 
Potash  KO2,  4  to  6. 

To  this  compound  was  added  one-third  of  its  weight  of  cotton-seed 
meal,  the  resulting  fertilizer  being  known  as  mixture  No.  2.  On 
Plats  1,  i,  6,  and  8,  200  pounds  of  this  mixture  were  sown  broadcast 
upon  the  land  after  planting.  On  Plats  3,  5,  7,  and  9,  no  fertilizer 
was  used.  On  Plat  2,  200  pounds  of  mixture  No.  2  were  used  per 
acre,  dropping  it  equally  on  each  side  of  the  rows  of  cotton  at  the 
time  of  the  first  plowing.  Plat  2,  as  stated,  had  been  planted  in  corn 
and  cowpeas  the  preceding  year.  The  method  of  applying  the  ferti- 
lizer to  this  field  was  precisely  like  the  others. 

The  following  table  shows  the  yield  of  cotton  per  acre  on  the  ferti- 
lized and  unfertilized  plats: 


No. 


1 
2 

8 

4 

5 

6 
7 

8 
9 


Acres. 


4 
15 
4 
3 
8 
2 
2 
3 
3 


Variety  of  cotton 
planted. 


Rowden 

do 

do 

Gibflon 

do 

Ruwcll  Big-Boll 

do 

Stormproof 

.....do 


Fertilized  or  not. 


Fertilized  .... 

do 

Not  fertilized, 

Ferlilizfil 

Not  fiTtilized. 

Fertilized 

Notfertillzeil. 

Fertilized 

Not  fertilized. 


Plante<l. 


Apr.  18  to  21 

do 

do 

do 

do 

do 

do 

do 

do 


Yield  in 

Yield  in 

pounds  of 

pounds  of 

seed  cottt)n 

lint  cotton 

per  aere. 

per  acre. 

920 

326.6 

1,167.:J2 

414.4 

730 

259. 15 

82« 

279.  M 

634 

215.56 

790 

221.2 

711 

199 

718 

226. 15 

670 

211 

Pounds  of 
lint  cotton 

to  100 
pounds  of 

seed. 


35i 

35i 

35^ 

34 

34 

28 

28 

3U 

314 


12 


MISCKLLAKEOUS   PAPERS. 


Two  hundred  pounds  of  this  fertilizer — the  amount  u.sed  per  aen>- 


cost  $1.54.  With  cotton  at  12  cents  per  pound,  the  result  of  asing- 
the  fertilizer  is  shown  below.  The  first  column  of  figures  shows  the 
gain  in  pounds  of  seed  cotton  by  the  use  of  fertilizei-s:  the  second 
column  shows  the  value  of  this  increased  product;  the  third  column, 
the  cost  of  the  fertilizer  per  acre,  while  the  fourth  column  show^s  the 
net  profit  per  acre. 


Variety  of  cotton  planted. 


Rowden,  Plat  1 . 
Rowden,  Plat  2 . 

Gibwin 

Ruf«ell  Big-Boll. 
Stormproof 


Gain  in 
poundH  of 

Gain  in 
value 

8eed  cotton 

per  acre. 

per  acre. 

190 

S8.ll 

729.16 

31.05 

192 

7.71 

79 

2.66 

48 

1 

1.81 

COBtof 

fertili7.er 
I>er  acre. 


Net  gain 
per  acre. 


n.54 

96.57 

1.64 

29.51 

l.M 

6.17 

1.54 

1.12 

1.54 

1 

.27 

If  all  the  gain  in  Plat  2,  729.16  pounds  of  seed  cotton,  was  credited 
to  the  fertilizer,  this  would  show  a  value  of  $31.05  per  acre,  at  a  cost 
of  $1.54.  It  is  evident,  however,  that  some  allowance  must  be  made 
in  this  case  for  the  crop  of  cowpeas  grown  during  the  previous  year 
and  for  the  consequent  better  cultural  condition  of  the  plat  on  which 
this  cotton  was  produced. 

COTTON. 

Some  37  acres  in  all  were  planted  in  cotton,  divided  into  nine  plats 
or  fields. 

Just  before  planting,  the  land  was  disked,  cross-disked,  and  har- 
rowed. The  cotton  seed  was  planted  1  inch  deep  in  rows  3i  feet  apart, 
the  planting  drill  being  followed  by  a  roller  which  pressed  the  soil 
after  the  seed  was  covered.  The  cotton  came  up  in  five  or  six  days 
after  planting.  From  May  1  to  May  3  the  fields  were  harrowed,  and 
in  about  twelve  days  they  were  side  harrowed  and  cultivated.  From 
May  15  to  May  18  the  soil  was  chopped  to  18  inches  and  then  plowed, 
it  being  plowed  thereafter  once  every  twelve  days  until  August  1.  All 
plats  received  the  same  cultivation. 

The  boUworm  in  great  numbers  attacked  the  entire  crop  of  cotton 
and  reduced  the  yield  at  least  one-half. 

On  the  east  of  the  Porter  farm  is  an  adjoining  field  of  precisely 
similar  soil  and  drainage,  except  that  it  had  produced  but  three  crops 
from  a  virgin  state.  This  tract  has  been  designated  as  Field  A.  It 
was  in  excellent  condition,  and  was  planted  to  Rowden  cotton  and  well 
cultivated  in  the  ordinary  wa}'  without  the  use  of  fertilizers.  The  yield 
on  this  30-acre  tract  was  10  bales  of  500  pounds  each,  or  166i  pounds 
of  lint  cotton  per  acre,  as  against  326.6  pounds  per  acre  on  Plat  1  and 
414.4  pounds  on  Plat  2  of  the  Demonstration  Farm,  showing  a  gain  of 
160  pounds  per  acre,  worth  $19.20,. on  Plat  1,  and  of  249.74  pounds, 
worth  $29.86,  on  Plat  2,  due  to  better  cultivation  and  the  moderate  use 
of  fertilizers.    These  amounts  per  acre  would  stand  to  the  credit  of  the 
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demonstration  fields  without  modification,  provided  the  soils  were  of 
equal  fertility;  but,  as  stated,  the  adjacent  field  was  comparatively 
new  and  rich  in  humus  and  far  better  than  either  Plat  1  or  Plat  2. 

On  the  northwest  of  the  Demonstration  Farm  is  another  tract  of 
land?  a  rich  sandy  loam,  which  had  been  in  cultivation  only  about  four 
years,  designated  in  the  following  table  as  Field  B.     It  was  planted  to 
Kowden  cotton  and  given  good  common  cultivation,  but  no  fertilizers 
^were  used.     The  product  was  21  hales  from  65  acres,  or  161.54  pounds 
of  lint  cotton  per  acre,  showing  a  gain  in  favor  of  Plat  1  of  165.12 
pK>unds  per  acre,  worth  $19.81,  and  in  favor  of  Plat  2  of  252.81  pounds, 
ijvorth  $30.34,  due  to  intense  cultivation  and  the  use  of  some  fertilizer. 
A  comparison  of  the  results  obtained  on  the  Demonstration  Plats 
and  on  Fields  A  and  B  further  shows  the  proportion  of  this  gain  due 
to  cultural  methods  and  to  fertilizers.     The  total  gain  in  Plat  1  over 
Field  A  was  $19.20  and  over  Field  B  $19.81  per  acre.     It  has  been 
shown  that  the  amount  to  be  credited  to  fertilizer  on  Plat  1  is  $8.11 
per  acre.     Deducting  this,  it  leaves  $11.09  credited  to  Plat  1  as  com- 
pared with  Field  A,  and  $11.71  credited  to  Plat  1  as  compared  with 
Field  B  on  account  of  better  tillage.     The  culture  values  as  compared 
with  Plat  2  can  not  be  made,  because  the  effects  of  culture  and  fertilizer 
on  Plat  2  were  not  separately  tested. 

The  results  for  the  Rowden  cotton  mav  be  tabulated  as  follows: 


Plat 

or 

field. 

Character 
of  culture. 

Fertilized  or 
not. 

Total 

pounds 

of  lint 

cotton 

per 

acre. 

Pounds 

of  gain 

per 

acre 

over 

Field  A. 

160 

242. 74 
92.49 

Gain  in 

value 

over 

FieldA. 

Pounds 

of  gain 

per 

acre 

over 

FieldB. 

165. 12 

252.86 

77.61 

Gain  in 

value 

over 

FieldB. 

$19. 81 
30.34 

In- 
crease 

in 
value 
due  to 
ferti- 
lizer. 

Increase 

in  value 

due  to 

culture 

over 
Field  A. 

In- 
crease 

in 

value 

due  to 

culture 

over 
FieldB. 

1 
2 
3 
A 
B 

Improved . . 
do 

Fertilized 

do 

826.66 
414.4 
259. 15 
166.65 
161.54 

«9.20 
29.86 
11.09 

$8.11 

$11.09 

•11.71 

do 

Common . . . 

Not  fertilized. 
do 

11. 71 

.....  do ...... 

do 

, 

1 

It  is  noticeable  that  the  fertilizer  and  cultural  methods  employed  had 
a  much  greater  effect  upon  some  kinds  of  cotton  than  upon  others, 
the  Rowden  and  the  Gibson  varieties  proving  much  more  satisfactory 
in  this  respect  than  the  Russell  Big- Boll  and  the  Stonnproof.  Fer- 
tilizing hastened  maturity  about  ten  days. 

COBN. 

The  land  planted  to  corn  received  precisely  the  same  preparatory 
treatment  as  that  given  to  the  cotton  fields.  On  March  28  it  was 
disked,  cross-disked,  and  harrowed,  and  from  April  4  to  April  8  it 
was  planted  in  com,  2  inches  deep,  with  rows  5  feet  apart. 

The  following  varieties  were  used:  Native  Texas  corn,  White  Won- 
der, Reed's  Yellow  Dent,  and  White  Pearl. 
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The  corn  came  up  on  April  12.  On  this  date  there  was  a  heavy 
hailstorm,  which  damaged  it  badly.  Cultivation  commenced  on  Ma3^  I. 
The  corn  was  thinned  to  a  stand  of  18  inches  in  the  row,  and  cultiva- 
tion was  repeated  once  every  ten  days  till  June  15.  At  this  date  the 
stalks  averaged  4i  feet  high,  when  a  severe  wind  blew  fully  50  per 
cent  of  them  flat  across  the  rows,  preventing  all  further  cultivation. 
Most  of  the  stalks  blown  down  did  not  recover  and  were  a  total  loss:, 
besides  preventing  any  further  test  of  cultural  methods. 

Three  hundred  pounds  of  fertilizer  per  acre  were  applied  to  a  por- 
tion of  the  fann.  This  fertilizer  was  composed  of  equal  parts  of 
cotton-seed  meal  and  of  the  compound  before  mentioned.  It  was 
applied  at  three  different  periods — 100  pounds  at  the  time  of  plant- 
ing (drilled  in  with  the  seed);  100  pounds  at  the  time  of  the  first  cul- 
tivation (on  the  sides  of  the  rows);  and  100  pounds  about  June  1  (in 
the  middle  of  the  rows). 

The  results  in  the  case  of  corn  are  not  considered  of  great  value 
because  of  the  heavy  loss  entailed  by  the  June  windstorm  and  the 
impossibility  of  continuing  cultivation  after  that  time.  Further,  the 
instructions  to  plant  cowpeas  between  the  rows  could  not  be  carried 
out  except  to  a  limited  extent,  on  account  of  the  prostrate  corn. 

A  summary  of  the  principal  results  obtained  in  the  experiments 
with  corn  will  be  found  in  the  following  table: 


Variety  of  com. 


When 
planted. 


When  up. 


1. 
2. 
3. 
4. 
6. 

6. 

7. 
8. 


Native  Texaa  ..|  Apr.  4  to  8     Apr.  12 

Native  Texas do do... 

White  Wonder. I do ....do... 


White  Wonder. 
Reed's  Yellow 

Dent. 
Reed's  Yellow 

Dent. 

White  Pearl  ...' do 

White  Pearl  ...' do 


.do 
.do 

.do 


.do 
.do 

.do 

.do 
.do 


Date  of 
first  cul- 
tivation. 


May    1 

ao... 

do... 

do . . . 

— do ... 


.do 

.do 
.do 


Date  of 

roasting 

ears. 


Date  of 
Imaturity. 


^'*Scre^'   Fertilized  or  not. 


Aug.  1  ,  Aug.  15 
Aug.  10  Aug.  25 
July  12  Julv  27 
July  22  Aug.  7 
Aug.    1  I  Aug.  15 


Aug.  10 


Aug.  25 


Bush.  lbs. 

41  9  I  Fertilized. 

30  18  Not  fertilized. 

32  0  Fertilized. 

23  15  ,  Not  fertilized. 

22  18  Fertilized. 

18  0  Not  fertilized. 

23  10  Fertilized. 

19  16  I  Not  fertilized. 


The  fertilized  corn  was  of  considerably  better  quality  than  that 
grown  without  fertilizer.  The  results  obtjiined  by  fertilizing  would, 
of  course,  have  been  much  greater  had  it  not  been  for  the  storm 
referred  to.  All  the  corn  in  the  tield  was  gathered  from  October  1  to 
October  10. 

It  should  be  noted  that  the  White  Wonder  corn  was  earlier  than  the 
other  varieties  tested.  An  acre  of  White  Wonder  corn  was  planted 
in  rows  3i  feet  apart  and  thinned  to  28  inches  in  the  row.  The 
product  under  the  same  cultural  treatment  was  3^  bushels  per  acre 
less  than  where  the  rows  were  5  feet  apart. 
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III-FRUIT  TREES  FROZEN  IN  1904." 

M.  B.  Waite,  PcUhologiM  in  Charge  of  Investigations  of  Diseases  of  Orchard  Fruits, 
Vegetable  Pathological  and  Physiological  Investigations. 


INTBODUCnOK. 

The  severe  cold  weather  of  the  past  winter,  especially  the  intense 
cold  of  January  4  and  5,  resulted  in  very  serious  damage  by  freezing 
to  orchards  in  New  York  and  New  England,  especially  in  the  Hudson 
and  Connecticut  valleys.  The  damage  was  found  to  be  mainly  to 
peach,  Japanese  plum,  and  pear  trees,  and  the  most  serious  harm  was 
largely  confined  to  the  lower  levels  and  pockets.  The  writer  recently 
visited  the  orchards  around  Marlboro  and  Milton  on  the  Hudson  River, 
and  also  those  located  at  South  Glastonbury,  Conn.  In  conversation 
with  the  growers,  it  was  found  that,  as  a  rule,  they  overestimated  the 
damage.  In  several  cases  orchards  were  already  cut  down  which  would 
probably  have  recovered  if  given  proper  treatment. 

DAMAGE  TO  BEABING  PEACH  OBCHAItDS. 

In  the  bearing  peach  orchards  the  trees  most  injured  by  freezing 
show  the  bark  entirely  blackened  and  dead,  more  or  less  separated 
from  the  trunk,  and  the  wood  turned  a  very  dark  brown  color.  The 
injury  extends  far  up  onto  the  limbs,  although  the  bark  usually  has  not 
separated  on  the  branches.  Such  trees  are  dead  beyond  all  question  and 
should  be  treated  accordingly.  Scarcely  10  per  cent  of  the  orchards 
visited  were  found  to  be  in  this  completely  frozen  condition.  Kven 
on  these,  the  bark  on  the  branches  and  small  limbs  still  retained  its 
vitality.  Such  trees  were  largely  confined  to  cold,  low,  flat  places,  or 
to  pockets  at  very  moderate  elevations.  Sometimes  a  rise  of  10  or  15 
feet  resulted  in  the  trees  being  less  seriously  injured. 

a  In  the  hoj)e  of  being  of  some  service  to  the  fruit  growers  of  New  York  and  New 
England  whose  orchards  have  been  severely  damaged  by  the  extreme  cold  of  the 
past  winter,  it  has  l^en  thought  desirable  to  publish  from  the  Department  a  brief 
explanation  of  the  damage  done,  with  advice  2^  to  how  to  treat  the  injured  orchards. 

A.  F.  Woods,  Pathologist  and  Physiologist. 

OfFICBOF  VeCiETABLE  PATHOLOGICAL  AND  PHVSIOLO<;K'.\'i  INVESTIGATIONS, 

Washingtouj  D.  C,  March  :^8,  IU04* 
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With  many  peach  trees,  however,  the  bark  is  lightly  separated  from 
the  wood,  which  is  of  a  dark  walnut  color  next  the  cambiiim  and 
brown  throughout.    Though  still  alive,  the  bark  is  somewhat  browned 
and  discolored,  the  youngest  or  outer  layer  of  wood  has  been  frozen 
until  it  is  now  of  a  dark  walnut  color,  and  the  wood  of  the  trunk  Ls 
blac^kened  throughout.    Many  of  these  trees  are  of  questionable  vitality, 
and  will  probably  succumb.     Others  have  enough  vitality  to  enable 
them  to  pull  through.     Where  the  bark  is  adhering  or  only  partially 
separated  from  the  trunk,  the  chances  for  recovery  are  good.     The 
tops  of  such  trees  are  usually  found  in   fair  condition,  the  wood 
brownish,  but  the  white  cambium  layer  uninjured,  though  lying  imme- 
diately in  contact  with  the  brown,  dead  wood.     The  twigs,  especially 
the  one-year  wood,  sometimes  have  been  frozen  so  badly  that  they 
will  not  be  able  to  push  the  leaf  buds.     In  severe  cases  the  leaf  buds 
themselves  are  killed,  but,  as  a  rule,  they  are  still  alive.     Of  course  on 
all  such  trees  the  fruit  buds  are  killed.     The  most  injured  part  is  the 
trunk  just  above   the  snow  line.     About  one-half  of  the  orchards 
examined  were  in  this  condition. 

A  third  class,  which  may  be  described  as  the  moderately  frozen  trees, 
in  which  the  wood  above  the  snow  line  is  blackened  but  the  bark  not 
separated  from  the  wood  and  with  the  cambium  still  apparently  alive, 
although  water-soaked  and  injured,  frequently  has  minute  brown 
streaks  in  the  bark  inmiediatelv  in  contact  with  the  cambium.  8uch 
trees  will  almost  invariably  recover.  Where  orchards  are  in  this  con- 
dition, only  the  trees  in  the  low  situations,  where  there  was  an  excess 
of  moisture  and  drainage  nitrogen  and  which  also  afforded  basins  in 
which  the  cold  air  was  caught,  may  be  expected  to  die.  All  such  mod- 
erateh'  frozen  trees,  even  though  the  wood  is  blackened  throughout, 
may  be  expected  to  yield  abundant  crops  for  several  years  in  the  future. 

Nearl}'  every  tree  in  the  entire  Michigan  fruit  belt  was  frozen  in 
Februar}',  1899,  so  that  the  wood  was  blackened  and  dead  clear  to  the 
bark.  A  new  layer  of  live,  white  wood  formed  inward  from  the  live 
bark,  the  trees  made  a  fairly  good  growth,  having  no  fruit  crop  to 
carry,  and  bore  the  year  following  a  record  fruit  crop.  Moderate 
pruning  back,  say  from  one-third  to  not  over  one-half  the  tops,  gave 
the  best  results  on  trees  of  this  character.  No  pruning  at  all  gave  much 
better  results  than  too  severe  cutting  back.  Many  trees  were  cut  back 
to  the  large  branches,  or  ^'dehorned,"  and  failed  to  push  out.  Similar 
trees  moderately  pruned  pulled  through  and  made  a  fine  growth. 

On  the  higher  levels  aud  ridges  in  both  the  Connecticut  Valley  and 
the  Hudson  Valley  there  are  orchards  in  which  some  of  the  fruit  buds 
have  survived  and  in  which  the  trees  were  only  moderately  frozen. 
The  fruit  buds  apparentl}'  are  more  hardy  than  the  youngest,  tender 
sapwood.  In  fact,  the  most  hardy  portions  of  the  tree  are  the  cambium 
layer — an  extremely  thin  film  of  very  vital  tissue  between  the  bark 
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and  the  wood — and  the  leaf  bud^t.  That  portion  of  the  tree  having  the 
most  life  or  protoplasm  in  it,  fortunatel}',  is  the  mo«t  resistant.  Young 
trees  in  orchards  from  one  to  three  years  old  were  injured  less  than 
older  bearing  trees.  Nursery  trees,  on  the  contrary,  were  frozen  dead 
to  the  snow  line.  These  are  entirely'  one-year  wood,  of  course,  and  are 
of  a  rather  forced,  tender,  sappy  nature. 

HOW  TO  TREAT  THE   PEACH   ORCHARDS. 

The  orchardist  should  be  cautious  al)out  pulling  out  damaged  trees. 
Unless  for  some  other  reason  than  the  present  injury  from  frost  he  is 
Tvilling  to  dispense  with  the  orchard,  he  should  give  the  trees  an  oppor- 
tunity to  show  what  they  will  do  before  condemning  them.  Almost 
all  the  trees  in  which  the  bark  is  stuck  tight  at  the  critical  point — about 
two  feet  from  the  ground— may  be  expected  to  pull  through,  and  many 
Tvhich  have  the  bark  partiall}'  loosened  may  recover.  Moderate  pruning 
back,  followed  by  good  cultivation  and,  unless  the  land  is  in  very  good 
condition,  with  a  moderate  amount  of  fertilizing,  will  be  the  best  course 
to  pursue.  If  the  buds  can  push  out  in  the  tops,  growth  will  extend 
downward,  resulting  in  many  casesin  a  complete  covering  of  new,  sound, 
white  wood,  even  over  the  most  injured  part  on  the  trunk.  The  frozen 
dead  wood  can  conduct  the  crude  sap  as  long  as  it  remains  moist.  If 
the  bark  remains  alive  it  will  c^rry  the  elaborated  sap  downward  from 
the  leaves.  This  shell  of  new  wood  will  be  suflBcient  to  maintain  the 
tree  in  profitable  bearing  and  will,  of  course,  be  added  to  annually. 
Nearly  all  the  peach  trees  in  Michigan,  notwithstanding  the  fact  that 
they  have  a  dead,  black  heart,  as  well  as  many  of  those  similarly 
affected  in  Missouri,  Maryland,  and  Georgia,  have  been  bearing  good 
crops  of  fruit. 

The  aim  should  be,  with  good  cultivation  and  fertilization,  to  grow 
the  tree  out  of  the  injury.  Stable  manure  will  probably  answer  the 
requirement  in  some  cases.  Nitrate  of  soda  at  the  rate  of  200  pounds 
per  acre  may  be  preferable  in  other  cases.  The  choice  of  the  writer 
would  be  a  complete  fertilizer,  consisting  of  nitrate  of  soda,  acid  phos- 
phate or  bone  meal,  and  muriate  of  potash.  Such  a  fertilizer  applied 
just  at  the  time  growth  is  starting  would  result  in  the  best  possible 
benefit  from  the  nitrate. 

INJXJBT  TO  PLUM  TREES. 

The  Japanese  plums  have  behaved  essentially  the  same  as  the  peach 
trees.  The  young  wood  is  discolored  in  the  same  manner,  while  the 
hark  remains  alive  on  very  many  of  the  badly  injured  trees.  Their 
treatment  should  be  easentially  the  same  as  that  of  the  peaches.  The 
Domestica  plums  are  very  little  hurt,  being  almost  as  hardy,  in  fact,  as 
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the  applet.  Some  injury  was  noted  on  the  grapes.  Two-year  vines 
which  reached  above  the  snow  line  were  apparently  killed  in  some 
cases,  but  no  special  study  was  made  of  the  injury  to  the  grapevines. 

INJT7BT  TO  irOBSEBrT  TBEES. 

In  the  nurseries,  peach  trees  were  frozen  down  to  the  snow  line  so 
as  to  make  that  portion  al>ove  the  line  without  value.  However,  they 
are  entirely  unharmed  below  the  snow  line  and  should  be  treated  as 
though  they  had  been  cut  off  at  that  point.  Those  who  prefer  a  hig'h 
head  ma}'  object  to  planting  such  trees.  The  choice  of  the  writer, 
however,  is  in  favor  of  a  low  headed  tree,  and  such  trees  will  give 
excellent  results  even  though  they  may  not  have  more  than  six  or 
eight  inches  of  sound  wood  above  the  bud.  The  writer  would  not 
hesitate  to  plant  them.  Where  the  trees  have  less  than  six  inches  of 
wood,  probably  as  good  a  way  as  any  would  be  to  allow  only  one  sprout 
to  grow  and  to  tmin  up  a  new  tree  from  this  sprout  after  planting  in 
the  orchard.  Wh(M-e  the  nursery  trees  are  not  dug  and  sold,  the}'  ma}' 
be  cut  off  an  inch  or  so  above  the  bud  and  a  single  sprout  trained  into 
a  tree  according  to  the  usual  methods  of  nurserymen.  It  will,  of 
course,  be  desirable  to  withhold  part  of  the  cultivation  on  such  trees 
to  avoid  their  growing  too  large. 

The  fFapanese  plum,  as  stated,  has  behaved  essentially  like  the  peach 
tree  and  should  be  treated  in  the  same  way.  The  apple  is  hardier  than 
either  of  these  fruits,  and  of  the  apple  trees  examined  in  the  nursery  only 
a  few  varieties  seemed  to  be  hurt  sufficiently  to  cause  their  rejection. 
These  frozen  trees  might  be  treated  in  the  same  way  as  the  frozen 
peach  trees — by  cutting  them  off  and  allowing  a  new  tree  to  grow  from 
a  bud. 

DAMAGE  TO  PEAB  TBEES. 

In  the  Hudson  Valley  the  pear  trees  are  very  severely  damaged. 
In  many  cases  the  pear  orchards  were  placed,  as  is  customary,  on  the 
lower,  richer  ground,  which  is  naturally  from  it-s  location  more  subject 
to  intense  cold.  As  far  as  a  hasty  examination  went,  the  pear  orchards 
seemed  to  be  more  severely  hurt  than  the  peach  trees.  At  any  rate, 
they  were  injured  to  about  the  same  extent,  and  they  have  not  by  any 
means  the  same  ability  as  the  peach  trees  to  outgrow  the  injury. 

Another  factor  which  has  entered  into  the  problem  in  the  case  of 
pears  is  a  severe  attack  of  P»ylla,  A  very  unusual  attack  of  this  pest 
last  season  had  greatly  weakened  the  vitality  of  the  trees.  Most  of 
the  pear  orchards  examined  were  still  crusted  with  the  black  fungus 
which  grows  on  the  honeydew  secreted  by  the  Pmjlla.  These  J^yUa- 
infested  and  weakened  pear  trees  were  in  poor  condition  to  resist  tho 
severe  freeze. 
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Many  handsome  specimens  25  to  80  years  old  of  Bartlett,  Serkel,  and 
other  choice  varieties  were  frozen  outright.     Several  Hne  orchai*ds  of  8 
oi'  10  acres  in  extent  which  the  writer  examined  were  completely  killed 
Or  pi-acticall}'  so.    Here  again,as  with  the  peaches,  the  ditference  of  a  few 
feet  in  elevation  frequently  made  the  difference  of  life  or  death  to  the 
trees.     The  young  pear  trees  are  rather  less  hurt  than  the  older  trees, 
as  in  the  case  of  the  peach,  but  it  should  be  noted  in  this  connection 
that  young  pear  trees   having   the  wood   blackened,  although  they 
will  push  out  their  leaves  and  make  a  stiirt,  are  very  apt  to  decline  or 
else  maintain  their  life  in  a  very  feeble  manner  as  a  result  of  the  dead 
wood  at  the  heart.     They  have  not  the  ability  to  recover  by  depos- 
iting a  thrifty  layer  of  sapwood.     Pear  trees  under  3  or  4  years  of  age 
which  are  l>adly  frozen  and  which  show  blackened  or  discolored  wood, 
even  though  the  bark  may  look  normal  from  the  outside  and  may 
appear  to  be  alive  and  quite  fresh  when  cut  into,  should  be  cut  off 
below  the  snow  line  and  allowed  to  sprout.     All  the  sprouts  that  start 
may  be  permitted  to  grow  the  tirst  year,  and,  if  a  tall  head  is  preferred, 
they^  may  be  pinched  back,  except  the  one  which  is  to  form  the  new 
stem,  when  they  have  grown  a  foot  or  so.     The  foliage  from  these 
pinched  shoots  will  help  contribute  to  the  life  and  vigor  of  the  tree.     In 
case  of  badly  frozen  bearing  trees,  where  the  tree  is  dead  and  the  bark 
is  discolored,  of  course  they  should  be  dug  out,  but  where  there  is  any 
vitality  left  in  the  bark  it  may  be  well  to  allow  the  trees  to  remain  at 
least  the  first  season  until  it  can  be  determined  to  what  extent  they  are 
injured.     It  takes  several  years  to  bring  a  pear  tree  into  bearing — at 
lef  st  two  or  three  times  as  long  as  a  peach  tree — and  one  should  there- 
fore be  correspondingly  cautious  in  cutting  down  pear  trees.     Unfor- 
tunately, the  writer  can  not  hold  out  the  same  chances  for  recover}-  in 
the  case  of  the  pear  orchards  that  are  possible  with  the  peach  trees,  but 
still  moderately  frozen  pear  trees  harve  recovered  in  Michigan,  and 
afterwards,  by  pruning  out  the  weakened  limbs,  pretty  fair  bearing 
tops  of  vigorous  young  wood  have  been  secured.     No  severe  pruning, 
however,  should  be  attempted  this  seiison. 
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IV. -THE  CULTIVATION  OF  THE  AUSTRALIAN  WA'ITLE." 

By  David  (t.  Fairchild,  AgricuUaral  Explorer ^  Seed  ami  Plant  hitroduHion  and 

Distribution. 


The  bark  of  the  Australian  black  wattle  tree  {Acacia  moUissima 
Willd.)  has  long  been  in  use  for  tanning  purposes.  It  does  not  give 
the  leather  as  fine  a  bloom  as  the  bark  of  the  American  oaks  or  the 
aeorn  cups  of  the  valonia  oak,  but  it  tans  more  quickly  and  is  in  good 
demand  for  the  common  grades  of  leather. 

Formerly  the  supply  of  this  tan  bark  came  from  the  forests  of  Aus- 
tralia, but  within  the  last  live  or  six  years  the  plantations  of  Natal 
have  begun  to  supply  a  large  proportion  of  the  bark,  and  the  writer 
was  informed  by  residents  of  that  colony  that  wattle  growing  is  the 
most  profitable  plant  industry  in  the  country. 

A  short  stay  in  the  region  was  not  enough  to  put  the  writer  in  pos- 
session of  all  the  ins  and  outs  of  this  new  culture,  but  the  facts  gath- 
ered during  a  visit  to  one  of  the  largest  and  best  managed  estates  in 
Natal  may  be  of  interest  to  Americans  in  Hawaii  and  elsewhere. 

Hon.  G.  M.  Sutton,  a  member  of  the  legislative  council  of  the 
colony,  is  given  the  credit  of  first  agitating  the  question  of  wattle 
growing,  and  as  early  as  1892  he  wrote  urging  planters  to  sow  the  seed 
of  this  Australian  tree  and  start  forests  of  it  for  its  tan  bark. 


«Thi8  brief  presentation  of  the  culture  of  the  wattle  tree  and  the  Iiarvestinjr  of  tlie 
bark  for  tanning  purposes  will,  it  is  hope<l,  aj^ain  call  the  attention  of  American 
tanners  to  this  i)ossible  source  of  tanning  material.  As  Mr.  Fairchild  points  out, 
considerable  of  this  bark  is  already  being  produced  in  South  Africa,  and,  although  it 
is  probable  that  few  parts  of  the  United  States  proper  are  sufficiently  free  from  frost 
to  make  the  culture  of  the  wattle  tree  profitable,  it  is  successfully  grown  in  the 
Hawaiian  Islands,  where  it  is  regarded  as  a  promismg  industry.  A  tract  of  5  acres 
of  thirteen-year-old  trees  at  the  Hawaii  Experiment  Station  has  been  under  experi- 
ment for  a  number  of  years,  and  a  bulletin  describing  the  growth  of  the  trees  and 
the  market  value  of  the  products  is  now  in  preparation. 

We  are  indebted  to  Mr.  Barbour  Lathrop  for  this  paper,  as  the  observations  it  con- 
tains, which  were  kindly  placed  at  the  disposal  of  the  Department,  were  made  by 
Mr.  Fairchild  during  the  last  of  Mr.  Lathrop's  expeditions  in  search  of  valuable 
seeds  and  plants. 

A.  J.  PiETERS,  Botanist  in  Charge, 

Office  of  Seed  and  Plant  Introduction  and  Distribution, 

Washington,  D.  C,  June  25 y  1904- 
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It  had  been  deinon.strate<l  previously  that  the  wattle  grew  unusualU* 
well  upon  the  hillsidew  in  certain  parts  of  the  country,  so  that  when 
the  price  of  wattle  bark  rose  to  the  unusual  tij^ure  of  <€17  sterling* 
pov  ton  ($82.79),  which  rise  is  attributed  to  successive  bad  harvests  of 
the  valonia  oak  {Qu^tcuh  dbgUopH  L.)  in  Greece  and  Asia  Minor,  it  was 
not  difficult  to  convince  people  that  the  experiment  of  its  culture  was 
worth  making. 

The  Town  Hill  plantation,  which  covers  2,400  acres  of  the  hilly 
uplands  near  Pietemiaritzburg  (PI.  I,  fig.  1),  is  one  of  the  largest 
estates  in  the  colony.  It  lies  about  2,700  feet  above  sea  level,  and  the 
dark  green  effect  of  its  foliage  on  the  landscape  is  almost  as  beautiful 
as  that  produced  by  the  cryptomeria  forests  of  Japan. 

The  wattle-growing  districts  of  Natal  are  scattered  through  the  cen- 
ti*al  part  of  the  colony,  especially  along  the  railroad  from  Pietermar- 
itzburg  to  Greytown,  and  one  of  the  most  important  shipping  centers 
is  Dalton. 

According  to  information  given  the  writer  by  the  assistant  manager 
of  the  estate,  the  first  plantings  were  made  in  1892,  and  in  the  begin- 
ning profits  were  looked  for  only  from  the  sale  of  the  tan  bark  and 
firewood;  but  the  poles  which  are  left  after  the  bark  has  been  peeled 
from  them  have  proved  to  be  more  desirable  for  mining  props  than 
those  made  from  eucalyptus  timber,  and  their  sale  adds  very  materi- 
ally to  the  net  receipts  of  the  culture. 

The  starting  of  a  forest  of  black  wattles  is  a  simple  enough  business 
operation.  The  virgin  grass  land  of  the  rolling  country  is  broken  up 
about  Christmas  time  and  thoroughly  harrowed.  In  February,  rows 
12  feet  apart  are  laid  out  and  the  seed  is  planted  6  feet  apart  in  the 
rows  and  lightly  covered  with  soil,  when  it  is  left  totakecai'e  of  itself. 
Indian  corn,  which  is  called  ^'  mealies"  in  Natal,  is  sometimes  sown  in 
the  12-foot  spat^es  between  the  rows  of  young  wattle  plants,  and  the 
constant  stirring  of  the  ground  in  cultivation  is  said  to  be  of  benefit  to 
the  young  seedlings. 

No  nursery  seed  beds  are  used  and  no  laborious  planting  is  neces- 
sary. The  following  Manrh,  which  is  autumn  in  Natal,  the  soil  between 
the  rows  is  plowed  for  the  benefit  of  the  roots  of  the  young  trees  and 
to  guard  against  "grass  fires,"  or  prairie  fires,  as  they  are  called  in 
America,  which  are  common  in  the  grassy  uplands. 

In  ten  years  from  seed  sowing  the  wattle  trees  are  in  their  prime,  but 
by  the  Seventh  year  many  individuals  are  large  enough  to  be  barked. 

At  ten  years  of  age  on  the  Town  Hill  plantation,  trees  attain  a 
diameter  of  10  inches,  but  the  rate  of  growth  is  largely  influenced  by 
the  character  of  the  soil  and  probably  also  by  individual  variations  in 
the  seed. 

The  soil  on  which  the  Town  Hill  plantation  is  situated  is  a  light  red, 
friable  loam,  rich  in  iron,  but  considered  poor  in  quality  for  cropping 
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purposes.  A  layer  of  gravel  and  sand  overlies  a  clay  subsoil  two  to 
three  feet  below  the  surface,  and,  though  supplied  with  plent}^  of 
moisture,  the  situation  is  a  well-drained  one.  The  wattle  roots  are 
surface  feeders,  and  the  soil  in  which  the  moisture  lies  very  deep,  it  is 
said,  is  not  suitable  for  wattle  culture. 

When  an  area  of  forest  is  old  enough  the  harvesting  of  the  bark  is 
begun.  This  work  can  be  carried  on  at  all  times  of  the  year  in  Natal, 
for  the  bark  peels  easily  in  any  season.  Sixty  indentured  Indian  coolies 
do  all  the  manual  labor  on  the  Town  Hill  estate  and  are  skillful  enough 
to  peel,  dry,  and  cut  the  bark  and  to  pack  it  in  bags  for  export. 

It  is  interesting  to  watch  the  process  of  stripping  off  the  bark,  and 
one  is  surprised  at  the  rapidity  with  which  it  is  done.  With  a  short- 
handled  ax  the  coolie  clears  away  the  dead  twigs  and  leaves  at  the  base 
of  the  tree,  cuts  through  the  bark  as  close  to  the  ground  as  possible, 
lifts  a  broad  strip  of  it  high  enough  to  get  hold  of  it  with  his  hands, 
and,  with  a  series  of  strong  jerks,  peels  off  a  broad  strip  as  long  as  the 
height  from  the  ground  to  the  first  branches  of  the  tree  (PI.  II,  fig.  2). 
Strip  after  strip  is  pulled  from  the  trunk  in  this  way  until  it  stands  as 
bare  as  a  telegraph  pole,  save  the  tuft  of  branches  at  the  top.  The  tree 
is  then  felled  and  the  work  of  stripping  completed  on  such  parts  as, 
lying  between  the  branches,  could  not  be  peeled  when  it  was  standing. 

The  fresh  bark  is  thrown  over  poles  to  dry  (PI.  Ill,  fig.  3),  and  the 
tree  trunks  are  cut  into  6  or  12  foot  lengths  for  mining  timber. 

A  portable  tramway,  which  is  laid  through  the  plantation  (PI.  II, 
fig.  3)  to  such  places  as  are  being  stripped,  carries  the  bark  to  the 
drying  sheds  (PL  III,  figs.  1  and  2),  which  are  simple  but  ingenious 
galvanized-iron  affairs,  so  arranged  that  each  can  shelter  6  tons  of  the 
fresh  bark.  The  long  strips  of  bark  are  hung  over  long  poles,  much 
as  the  macaroni  makers  of  Italy  hang  their  freshly  made  paste  out  to 
dry,  and  the  ends  of  these  poles  are  put  through  rings  in  two  heavy 
chains  that  hang  from  two  parallel  elevated  bars.  A  series  of  these 
poles  loaded  with  bark  is  fitted  to  the  rings  a  foot  or  two  apart  in  the 
chains,  and  one  by  one  they  are  put  across  the  parallel  bars  with  their 
ends  resting  upon  them. 

In  fair  weather  these  poles,  with  their  tan  bark  over  them,  remain 
hanging  on  the  long  bars,  like  miniature  elevated  railways,  which 
extend  from  the  sheds  up  the  slope  of  the  hillside.  On  the  approach 
of  rain  a  yoke  of  oxen  is  attached  to  the  chain  of  poles  by  a  wire  rope, 
and,  like  shutting  up  the  bellows  of  an  accordion,  these  poles  are 
drawn  close  together  down  the  parallel  bars  into  the  shelter  of  the 
corrugated-iron  roof.  With  the  return  of  sunny  weather  the  oxen 
again  spread  out  the  chain  of  poles. 

The  value  of  the  bark  depends  largely  upon  its  color,  and  it  is  said 
that  the  sun-dried  product  is  best. 
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Once  dried,  the  bark  is  chopped  into  short  chips,  packed  into  sacks, 
and  is  then  ready  for  export. 

From  an  acre  of  10 -year-old  wattles  6  or  6  tons  of  bark  can  be 
taken,  and  at  the  present  market  prices  in  Natal,  £6  12s.  6d.  ($32.26) 
a  ton,  the  ^ross  receipts  would  be  from  $161.20  to  $193.58  per  acre. 
The  cost  of  stripping,  drying,  and  packing  the  bark  amounts  to  £1 10s. 
($7.30)  per  ton.  To  arrive  at  the  net  earnings,  to  this  cost  of  harvest- 
ing, etc.,  must  be  added  the  cost  of  ten  years  of  care,  with  interest  on 
the  price  of  the  virgin  land,  which  was  valued  by  the  assistant  manager 
of  the  estate  at  £1  5s.  to  £1  10s.  per  acre. 

To  the  proceeds  from  the  sale  of  the  bark  must  be  added  the  revenue 
from  the  mining  timbers,  and,  although  the  figures  given  can  not  be 
vouched  for  and  will  be  no  guide  to  anyone  wishing  to  grow  wattles  in 
a  country  where  only  high-priced  labor  is  obtainable,  they  support  the 
opinion  that  the  wattle  industry  pays  handsomely  in  Natal  and  explain 
why  new  plantations  are  being  put  in. 

A  wattle  forest  replants  itself.  If  one  walks  through  the  shady 
avenues  between  the  rows  of  fully  grown  trees  in  February  (PL  II, 
fig.  1)  the  thousands  of  seed  pods  that  are  scattered  over  the  carpet  of 
dead  leaves  crackle  under  his  feet,  and  he  is  prepared  to  understand 
the  rapidity  with  which  an  area  once  cleared  of  trees  grows  up  again. 

On  a  field  which  had  been  cleared  of  wattless  two  and  one-half 
months  before,  countless  seedlings  were  springing  up  and  some  of 
them  were  already  more  than  a  foot  and  a  half  high.  These  naturally 
sown  seedlings  are  allowed  to  grow  until  they  form  a  thick  mass 
covering  the  field,  when  they  are  thinned  out  most  severely,  and  only 
rows  12  feet  apart  are  left  standing. 

Although  there  may  be  some  reproduction  by  sprouts  from  the 
stumps  of  the  felled  trees,  the  writer  was  informed  that  these  sprouts 
were  not  counted  on  as  important  in  the  re-formation  of  the  forest. 

In  fifteen  months  these  somewhat  irregular  rows  of  trees  are  18  feet 
high  and  present  an  appeamnce  such  as  is  shown  in  Plate  I,  figure  2. 
In  four  years  from  the  time  that  the  old  forest  is  cut  down,  these  rows 
of  seedlings  will  have  grown  to  such  a  height  that  they  will  require 
thinning  out,  and  among  the  trees  cut  out  in  this  process  there  are 
many  which  yield  a  fair  quantity  of  bark. 

Although  at  first  thought  this  habit  of  natural  seeding  might  seem 
a  great  advantage,  it  is  said,  on  the  contrary,  that  the  cost  of  thinning 
out  the  seedlings  is  greater  than  the  expense  of  planting  a  fresh 
plantation. 

The  greatest  enemy  of  the  wattle  grower  is  the  ''grass  fire."'  From 
the  surrounding  prairie  such  fires  spread  into  the  plantations  and 
destroy  them.  To  prevent  this,  nearly  50  miles  of  fire  breaks  made 
by  plowing  broad  strips  of  prairie  have  been  constructed  about  the 
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forests,  and  the  expense  of  this  adds  materially  to  the  original  cost  of 
establishing  a  wattle  estate. 

Two  insect  enemies  of  the  wattle  are  a  bagworm,  which  destroys 
great  quantities  of  foliage  and  checks  the  growth  of  the  trees,  and  the 
more  destructive  locust,  which  has  retarded  for  over  a  year  the  growth 
of  the  trees  on  the  Town  Hill  plantation.     The  former  insects  are  col- 

[     lected  and  burned,  and  the  plague  of  locusts  is  prevented  by  spreading 

I  about  their  breeding  places  poisoned  molasses  for  the  young  to  feed 
upon.     A  special  locust  expert  is  employed  by  the  Natal  government, 

'     and  with  his  corps  of  laborers  he  poisons  all  the  principal  breeding 
.places  of  the  pest. 

An  industry  which  pays  so  well  in  the  new  country  of  Natal,  and 
does  not  require  a  large  amount  of  hand  labor,  sixty  men  being  suffi- 

I  cient  for  2,400  acres,  is  worthy  of  the  attention  of  American  cultivators. 
The  climatic  conditions  seem  favorable  in  Hawaii,  but  whether  they 
are  as  favorable  as  they  are  in  Natal,  where  it  is  claimed  that  the  spe- 
cies grows  more  luxuriantly  than  in  its  native  land,  may  be  a  question. 
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V.-LEGAL  AND  CUSTOMARY  WEIGHTS  PER  BUSHEL 

OF  SEEDS" 

By  £dgar  Brown,  Botanist  in  Cliarge  of  Heed  Laboratory y  Botanical  Investigations  and 

Experiments. 


INTKODUCTIOK. 

While  the  selling  of  seeds  by  the  measured  bushel  has  largely  dis- 
appeared in  the  trade,  the  weight  per  bushel  still  has  an  important 
value  in  determining  grade,  especially  in  grass  seeds,  which  vary  greatly 
in  quality.  Redtop  seed  weighing  10  pounds  per  bushel  is  composed 
largely  of  chaff  and  contains  a  very  small  percentage  of  good  seed, 
while  fancy  seed,  containing  from  85  to  95  per  cent  of  pure  seed, 
weighs  from  35  to  40  pounds  per  bushel.  Similar  variations  in  weight 
exist  in  connection  with  the  handling  of  other  common  grass  seeds, 
such  as  bluegrass,  orchard  grass,  brome-grass,  rye-grass,  and  the 
fescues.  The  weights  per  bushel  of  grains  do  not  vary  as  much  as  do 
those  of  grass  seeds,  but  nevertheless  the  weight  per  bushel  is  an 
important  factor  to  be  considered  in  grading. 

LEGAL  WEIGHTS  FEB  BUSHEL. 

The  weights  per  bushel  for  all  seeds  for  which  weights  per  bushel 
have  been  established  by  law  are  given  in  Table  I.  These  have  been 
taken  from  the  latest  statutes  and  have  been  verified  by  the  secretary 
of  state  of  each  State.  In  several  instances  the  legal  weights  are 
obviously  misleading  and  should  be  changed.  There  is  evidently  an 
error  in  the  Louisiana  statute  which  gives  the  weight  for  both  barley 

«The  varying  use  in  weights  of  our  common  field  and  garden  seeds  in  different 
States  must  necessarily  lead  to  confusion.  It  is  hoped  that  a  more  widely  dis- 
seminated knowledge  of  this  varied  usage,  such  as  is  pointed  out  in  this  paper,  will 
tend  to  lessen  the  confusion  and  bring  about  greater  uniformity.  Furthermore,  by 
calling  attention  to  the  present  unsatisfactory  conditions  it  may  aid  in  preparmg  the 
way  for  the  general  introduction  of  the  metric  system  now  used  in  nearly  all  other 
civilized  countries. 

Lystbr  H.  Dewey,  Acting  Botanist. 

Office  of  Botanical  Investigations  and  Experiments, 

Washington,  D,  C,  September  7, 1904. 
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and  rye  as  32  pounds.  The  weights  for  buckwheat  vary  from  40  to  52 
pounds  in  different  States.  The  legal  weights  for  oats  should  be  made 
more  nearly  uniform.  In  Pennsylvania  and  West  Virginia  the  legal 
weight  is  32  pounds;  in  Virginia  30  pounds,  and  in  Maryland  26 
pounds.  The  legal  weight  for  Kentucky  bluegrass  and  redtop  in  all 
States  where  a  legal  weight  has  been  established  is  14  pounds.  This 
weight  was  established  before  the  present  methods  of  cleaning  came 
into  general  use  and  while  the  seed  was  sold  in  the  chaff.  Cleaned 
seed  of  good  grade  weighs  from  two  to  thre«  times  as  much,  as 
recorded  in  detail  in  Table  I,  and  the  legal  weights  should  be  changed 
accordingly. 

OUSTOMABT  WEIGHTS  FEB  BUSHEL. 

In  numerous  instances  the  customary  weights  per  bushel  of  seeds 
used  by  the  trade  are  not  the  same  as  the  legal  weights.  The  boards 
of  trade  and  chambers  of  commerce  in  the  principal  cities  have 
reported  the  customary  weights  used  bj'^  them,  and  where  these  differ 
from  the  legal  weights  they  are  given  in  the  footnotes  to  Table  I. 

Seedsmen  handle  a  large  number  of  grass  and  forage  plant  as  well 
as  other  seeds,  for  few  of  which  legal  weights  per  bushel  have  been 
established.  Table  II  shows  the  customary  weights  per  bushel  used 
for  these  seeds  by  representative  seedsmen  in  the  different  States.  In 
most  instances  two  weights  are  given,  indicating  the  differences  in 
quality  recognized  in  the  trade.  Well-cleaned  seed  of  good  quality 
will  weigh  approximately  as  much  as  the  higher  weight  given. 
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Tablk  I. — Legal  weights  per  bushel  of  seeds. 
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Table  I. — Legai  ireighU  ptr  lm»hd  of  seeds — Continued. 


Grass  and  forage  plants. 
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Table  II. — Seedsmen* h  cuMomary  weighU  per  bushel  of  seeds. 


Kind  of  seed. 


Alfalfa 
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VI.— GOLDEN  SEAL." 

By  Alice  Henkel,  AmgUint,  andG.  Fred  Kluoh,  Scitidijlc  Assistaniy  Drag  and  Medic- 
inal Plant  Investigalions,  Botanicxd  Investigations  and  Experiments. 


HISTOBT. 


As  in  the  case  of  many  other  native  medicinal  plants,  the  early 
settlers  learned  of  the  virtues  of  golden  seal  through  the  American 
Indians,  who  used  the  root  as  a  medicine  and  the  yellow  juice  as  a 
stain  for  their  faces  and  a  dye  for  their  clothing. 

The  Indians  regarded  golden  seal  as  a  specific  for  sore  and  inflamed 
eyes,  and  it  was  a  very  popular  remedy  with  the  pioneers  of  Ohio  and 
Kentucky  for  this  affection  and  also  for  sore  mouth,  the  root  being 
chewed  for  the  relief  of  the  last-named  trouble.  In  the  herbarium 
collected  by  Captains  Lewis  and  Clark  on  their  expedition  to  the 
source  of  the  Missouri  and  across  the  country  to  the  Pacific  coast,  a 
specimen  of  golden  seal  collected  May  24,  1804,  bears  some  notes  in 
the  handwriting  of  Captain  Lewis  concerning  the  use  of  this  plant  in 
"  Kentucky  and  many  other  parts  of  the  western  country."  He  states 
that  it  is  sffid  to  be  a  sovereign  remedy  for  sore  eyes,  describing  the 
nature  of  this  disorder  and  giving  also  the  method  of  preparing  and 
applying  this  remedy.  He  states,  further,  that  it  makes  an  "  excellent 
mouth  water." 


»The  increasing  use  of  golden  seal  in  medicine  has  resulted  in  a  wide  demand  for 
information  about  the  plant,  its  identification,  geographical  dintribution,  the  condi- 
tions under  which  it  grows,  methods  of  collecting  and  preparing  the  rhizomes, 
relations  of  supply  and  demand,  and  the  possibilities  of  its  cultivation.  This  paper, 
with  the  exception  of  the  part  relating  to  cultivation,  was  prepared  (under  the 
direction  of  Dr.  Rodney  H.  True,  Physiologist  in  Charge  of  Drug  and  Medicinal 
Plant  Investigations)  by  Miss  Alice  Henkel,  Assistant  in  Drug  and  Medicinal  Plant 
Investigations;  and  Mr.  G.  Fred  Klugh,  Scientific  Assistant  in  the  same  office,  in 
charge  of  cultural  experiments  in  the  Testing  Gardens,  furnished  the  part  treating 
of  the  cultivation  of  this  plant.  In  the  preparation  of  this  paper,  which  was  under- 
taken to  meet  the  demand  for  information  relative  to  golden  seal,  now  fast  disap- 
pearing from  our  forests,  many  facts  have  been  obtained  from  Lloyds*  Drugs  and 
Medicines  of  North  America. 

Lyster  H.  Dewey,  Acting  Botanist, 

Office  of  Botanical  Investigations  and  Experiments, 

Washingtonf  D.  C,  September  7, 1904. 
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Barton^  in  his  ''Collections  for  an  E^say  towards  a  Materia  Medica 
of  the  United  States,'^  1804,  speaks  of  the  use  of  a  spirituous  infusion 
of  the  root  of  golden  seal  as  a  tonic  bitters  in  the  western  part  of  Penn- 
sylvania, and  of  the  employment  of  an  infusion  of  the  root  in  cold 
water  as  a  wash  for  inflammation  of  the  eyes. 

According  to  Dr.  C.  S.  Rafinesque,  in  his  Medical  Flora  in  1828, 
the  Indians  also  employed  the  juice  or  infusion  for  many  ''external 
complaints,  as  a  topical  tonic,"  and  that  "ssome  Indians  employ  it  as  a 
diuretic,  stimulant,  and  escharotic,  using  the  powder  for  blistering 
and  the  infusion  for  the  dropsy."  He  states  further  that  "internally 
it  is  used  as  a  bitter  tonic,  in  infusion  or  tincture,  in  disorders  of  the 
stomach,  the  liver,"  etc. 

It  was  not  until  a  demand  was  created  for  golden  seal  by  the  eclectic 
school  of  practitioners,  about  1847,  that  it  became  an  article  of  com- 
merce, and  in  1860  the  root  was  made  official  in  the  Pharmacopoeia  of 
the  United  States,  which  place  it  has  held  to  the  present  day. 

HABITAT  AND  BANOE. 

Golden  seal  occurs  in  patches  in  high  open  woods  where  there  is 
plenty  of  leaf  mold,  and  usually  on  hillsides  or  bluffs  affording  natural 
drainage,  but  it  is  not  found  in  very  moist  or  sf^ampy  situations,  in 
prairie  land,  or  in  sterile  soil.  It  is  native  from  southern  New  York 
to  Minnesota  and  western  Ontario,  south  to  Georgia  and  Missouri, 
ascending  to  an  altitude  of  2,600  feet  in  Virginia.  It  is  now  becoming 
scarce  throughout  its  range.  Not  all  of  this  region,  however,  pro- 
duced golden  seal  in  abundance.  Ohio,  Indiana,  Kentucky,  and  West 
Virginia  have  been  the  greatest  golden-seal  producing  States,  while 
in  some  localities  in  southern  Illinois,  southern  Missouri,  northern 
Arkansas,  and  central  and  western  Tennessee  the  plant,  though  com- 
mon, could  not  be  said  to  be  sufficiently  plentiful  to  furnish  any  large 
amount  of  the  root.  In  other  portions  of  its  range  it  is  sparingly 
distributed. 

OOMMON  NAMES. 

Many  common  names  have  been  applied  to  this  plant  in  different 
localities,  most  of  them  bearing  some  reference  to  the  characteristic 
yellow  color  of  the  root,  such  as  yellowroot,  yellow  puccoon,  orange- 
root,  yellow  paint,  yellow  Indian  paint,  Indian  paint,  golden  root, 
Indian  dye,  curcuma,  wild  curcuma,  Ohio  curcuma,  wild  turmeric, 
Indian  turmeric,  jaundice  root,  and  yellow  eye;  other  names  are  eye- 
balm,  eyeroot,  and  ground  raspberry.  Yellowroot,  a  popular  name 
for  it,  is  misleading,  as  it  has  been  applied  to  other  plants  also,  namely, 
to  goldthread,  false  bittersweet,  twinleaf ,  and  the  yellowwood.  The 
name  golden  seal,  derived  from  its  yellow  color  and  the  seal-like  scars 
on  the  root,  has  been,  however,  generally  adopted. 
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DESCBIFTION  OF  THE  PLANT. 

Golden  seal  {Hydrastis  canadensis  L.)  belongs  to  the  same  family  as 
the  buttercup,  namely,  the  crowfoot  family  (Ranunculacese).  It  is  a 
perennial  plant,  and  the  thick  yellow  rootstock  sends  up  an  erect, 
hairy  stem  about  a  foot  in  height,  around  the  base  of  which  are  two 
or  three  yellowish  scales.  The  stems  as  they  emerge  from  the  ground 
are  bent  over,  the  tops  still  remaining  under  ground,  and  sometimes 
the  stems  show  some  distance  above  the  surface  before  the  tops  are 
brought  out  from  the  soil.  The  yellow  color  of  the  roots  and  scales 
extends  partly  up  the  stem  so  far  as  it  is  covered  by  soil,  while  the 
portion  of  the  stem  above  ground  has  a  purplish  color.  Golden  seal 
has  only  two  leaves  (rarely  three),  the  stem  bearing  these  seeming  to 
fork  at  the  top,  one  branch  supporting  a  large  leaf  and  the  other  a 
smaller  one  and  a  flower.  Occasionallv  there  is  a  third  leaf,  much 
smaller  than  the  other  two  and  stemless.  The  leaves  are  prominently 
veined  on  the  lower  surface,  and  are  palmately  6  to  9  lobed,  the  lobes 
broad,  acute,  sharply  and  unequally  toothed.  The  leaves  are  only 
partially  developed  at  flowering  time  and  are  very  much  wrinkled, 
but  thev  continue  to  expand  until  thev  are  from  6  to  8  inches  in 
diameter,  becoming  thinner  in  texture  and  smoother.  The  upper  leaf 
subtends  or  incloses  the  flower  bud.     (PI.  IV,  fig.  1.) 

Early  in  spring,  about  April  or  Ma3%  the  flower  appears,  but  few 
ever  see  it,  as  it  lasts  only  five  or  six  days.  It  is  greenish-white, 
less  than  half  an  inch  in  diameter,  and  has  no  petals,  but  instead  three 
small  petal-like  sepals,  which  fall  away  as  soon  a^  the  flower  expands, 
leaving  only  the  stamens — as  many  as  40  or  50 — in  the  center  of 
which  are  about  a  dozen  pistils,  which  finally  develop  into  a  round, 
fleshy,  berry-like  head.  The  fruit  ripens  in  Jul}^  or  August,  turning 
a  bright  red  and  resembling  a  large  raspberry,  whence  the  common 
name  ground  raspberry  is  derived.  Each  fruit  contains  from  10  to  20 
small,  black,  shining,  hard  seeds.     (PI.  IV,  fig.  2.) 

If  the  season  has  been  moist,  the  plant  sometimes  persists  to  the 
beginning  of  winter,  but  if  it  has  been  a  dry  season  it  dies  down  soon 
after  the  fruit  is  ripe,  so  that  by  the  end  of  September  no  trace  of  the 
plant  remains  above  ground.  In  a  patch  of  golden  seal  there  are 
always  many  sterile  stems,  simple  and  erect,  bearing  a  solitary  leaf  at 
the  apex,  but  no  flower. 

Mr.  Homer  Bowera,"  of  New  Ross,  Ind.,  who  propagated  golden 
seal  from  the  seed  for  the  purpose  of  studying  its  germination  and 
growth,  states  that  the  plant  grown  from  naturally  sown  seed  often 
escapes  observation  during  the  first  year  of  its  existence  owing  to  the 
fact  that  in  this  entire  period  nothing  but  two  round  seed  leaves  are 

«  A  Contribution  to  the  Life  History  of  Hydrastis  Canadensis,  Bot.  Gaz.,  16:73-^2; 
1891. 
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produced  (fig.  2),  and  at  this  stage  the  plant  does  Dot  look  materially 
different  from  other  youog  seedlings.  During  its  second  year  from 
seed  one  basal  leaf  is  sent  up  (fig.  3),  followed  in  the  third  year  by 
another  smaller  leaf  and  the  flower. 

DESOBIFTION  OF  THE  BHIZOHS,  OS  BOOTSTOOK. 

The  rhizome  (rootstocb)  and  rootlet:]  of  golden  seal,  or  bydrastis,  as 
it  is  also  known  in  the  drug  trade,  are  the  parts  employed  in  medicine. 
The  full-grown  rhizome,  when  fresh,  is  of  a  bright  yellow  color  both 
internally  and  externally,  about  li  to  2i  inches  in  length  and  fi-  ) 
one-fourth  to  three-fourtL    tf  "-  inch  in  thickness.     Fibrous  vel! 


rootlets  are  produced  from  the  sides  of  the  rhizome.  (Fig.  i.)  The 
.'resh  rhizome  contains  a  large  amount  of  yellow  juicf,  and  gives  off 
.  rank,  nauseating  odor.  When  dry  the  rhizome  measures  from  1 
li  2  inches  in  length  and  from  one-eighth  to  one-third  of  an  inch  in 
diameter.  It  is  crooked,  knotty,  wrinkled,  of  a  dull  brown  color  (•'■' 
side,  and  breaks  with  a  clean,  short,  resinous  fracture,  showinf 
lemon-yellow  color  if  the  root  is  not  old.  If  the  dried  root  is  kept 
a  long  time  it  will  be  greenisli  yellow  or  brown  internally,  and  becomes 
inferior  in  quality.  On  the  upper  surface  of  the  rhizome  are  several 
depressions,  left  by  former  annual  stems,  which  resemble  the  imprint 
of  a  seal;  hence  the  name  golden  seal.  The  fibrous  rootlets  become 
very  wiry  and  brittle  in  drying,  breaking  off  readily  and  leaving  only 
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small  protuberances,  so  that  the  root  as  found  in  commerce  is  some- 
times almost  bare.  The  dried  rhizome  also  has  a  peculiar,  somewhat 
narcotic,  disagreeable  odor,  but  not  so  pronounced  as  in  the  fresh  mate- 
rial; an  exceedingly  bitter  taste;  and  a  persistent  acridity  which  causes 
an  abundant  flow  of  saliva  when  the  rhizome  is  chewed.  The  most 
important  constituents  of  the  rhizome  are  the  three  alkaloids — hydras- 
tin,  berberin,  and  canadin.  It  contains  also  starch,  albuminous  mat- 
ter, resin,  sugar,  fatty  matter,  and  inorganic  salts. 

Hydrastis  acts  chiefl}'  upon  the  mucous  membranes  and  glandular 
system,  and  to  some  extent  upon  the  nervous  system.  It  is  a  valuable 
drug  in  disordered  conditions  of  the  digestive  organs  and  in  catarrhal 
affections  of  any  of  the  mucous  membranes  when  unaccompanied  with 
acute  inflammation.  In  the  various  diseases  of  the  mucous  membranes 
it  is  administered  both  internally  and  locally.  Hydrastis  imparts  its 
properties  to  water,  glycerin,  or  alcohol. 

COLLECTION  AND  PKEPARATION  OF  THE  BOOT. 

The  root  should  be  collected  in  autumn  after  the  plants  have  matured 
seed.  Spring-dug  root  shrinks  far  more  in  drying  and  always  com- 
mands a  lower  price  than  the  fall-dug  root.  After  the  roots  are 
removed  from  the  earth  they  should  be  carefully  freed  from  soil  and 
all  foreign  particles.  They  should  then  be  sorted,  and  small,  unde- 
veloped roots  and  broken  pieces  may  be  laid  aside  for  replanting. 
After  the  roots  have  been  cleaned  and  sorted  they  are  ready  to  be  dried 
or  cured.  Great  care  and  judgment  are  necessary  in  drying  the  roots. 
It  is  absolutely  necessary  that  they  should  be  perfectly  dry  before 
packing  and  storing,  as  the  presence  of  moisture  induces  the  develop- 
ment of  molds  and  mildews,  and  of  course  renders  them  worthless. 
The  roots  are  dried  by  exposure  to  the  air,  being  spread  out  in  thin 
layers  on  drying  frames  or  upon  a  large,  clean,  dry  floor.  They 
should  be  turned  several  times  during  the  day,  repeating  this  day  after 
day  until  the  roots  are  thoroughly  dried.  If  dried  out  of  dooi-s  they 
should  be  placed  under  cover  upon  indication  of  rain  and  at  night,  so 
that  they  may  not  be  injured  by  dew.  After  the  roots  are  thoroughh^ 
dried  they  may  be  .packed  as  tighth^  as  possible  in  dry  sacks  or  barrels, 
and  they  are  then  ready  for  shipment. 

DIMINUTION  OF  SUPPLY. 

Although,  perhaps,  in  some  secluded  localities  golden  seal  may  still 
be  found  rather  abundantly,  the  supply  is  rapidly  diminishing,  and 
there  is  a  growing  scarcity  of  the  plant  throughout  its  range.  With 
the  advance  of  civilization  and  increase  in  population  came  a  growing 
demand  for  many  of  our  native  medicinal  plants  and  a  corresponding 
decrease  in  the  sources  of  supply.     As  the  rich  forest  lands  of  the 
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Ohio  Valley  and  elsewhere  were  required  for  the  needs  of  the  early 
settlers  they  were  cleared  of  timber  and  cultivated,  and  the  golden 
seal,  deprived  of  the  shelter  and  protection  necessary  to  its  existence, 
gradually  disappeared,  as  it  will  not  thrive  on  land  that  is  cultivated. 
Where  it  was  not  destroyed  in  this  manner  the  root  diggers,  diligently 
plying  their  vocation,  did  their  share  toward  exterminating  this  useful 
little  plant,  which  they  collected,  regardless  of  the  season,  either  before 
the  plants  had  made  much  gi*owth  in  spring  or  before  the  seeds  had  ma 
tured  and  been  disseminated,  thus  destroying  all  means  of  propagation. 
The  demand  for  the  root  appears  to  be  increasing,  and  the  time  seems 
to  be  not  far  distant  when  this  plant  will  have  become  practicalh' 
exterminated,  so  far  as  the  drug  supply  is  concerned.  The  cultivation 
of  golden  seal  seems  now  to  have  become  a  necessity  in  order  to  meet 
the  demand  and  save  the  plant  from  extinction.  Prior  to  1900  there 
seemed  to  be  no  one,  so  far  as  the  Department  of  Agriculture  could 
ascertain,  who  had  ever  attempted  the  cultivation  of  golden  seal  for 
the  market.  From  that  time  on,  many  inquiries  were  directed  to  the 
Department  by  persons  who  were  quick  to  note  the  upward  tendency 
of  prices  for  golden  seal,  and  there  are  now  several  growers  in  different 
parts  of  the  country  who  have  undertaken  the  cultivation  of  golden 
seal  on  a  commercial  scale. 

CT7LTIVATI0N. 

The  United  States  Department  of  Agriculture  has  been  carrying  on 
experiments  in  the  cultivation  of  golden  seal  on  a  small  scale  at  \\'ash- 
ington,  D.  C,  since  the  spring  of  1899,  in  the  hope  that  methods 
might  be  worked  out  according  to  which  this  valuable  wild  drug  plant 
could  }ye  grown  on  a  commercial  scale.  In  these  experiments  the  aim 
has  been  to  imitate  the  natural  conditions  of  growth  as  closely  as 
possible.  The  results  that  have  thus  far  been  obtained,  while  not  as 
complete  in  some  respects  as  would  be  desirable,  seem  to  justify  the 
conclusion  that  golden  seal  can  be  successfully  cultivated.  The  meth- 
ods of  operation  described  apply  to  the  conditions  at  Washington, 
and  the  treatment  may  need  to  be  somewhat  modified  under  other  con- 
ditions of  soil  and  climate. 

NECESSARY   SOIL  CONDITIONS. 

The  soil  conditions  should  imitate  as  closely  as  possible  those  seen 
in  thrifty  deciduous  forests.  The  soil  should  contain  an  ample  supply 
of  humus,  well  worked  into  the  ground,  to  secure  the  lightness  and 
moisture-retaining  property  of  forest  soils.  The  best  form  of  humus 
is  probably  leaf  mold,  but  good  results  may  be  obtained  by  mulching 
in  the  autumn  or  <early  winter  with  leaves,  straw,  stable  manure,  or 
similar  materials.     After  the  soil  has  been  prepared  and  planted,  it  is 
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Tvell  to  add  a  mulch  in  the  fall  as  a  partial  protection  to  the  roots  during' 
the  winter,  and  the  decay  of  this  material  adds  to  the  value  of  the  soil 
by  the  time  the  plants  appear  in  the  spring.  The  forest  conditions 
are  thus  imitated  by  the  annual  addition  of  vegetable  matter  to  the 
soil,  which  by  its  gradual  decay  accumulates  an  increasing  depth  of  a 
Hoil  rich  in  materials  adapted  to  the  feeding  of  the  plants  and  to  the 
preservation  of  proper  physical  conditions.  The  growth  of  weeds  is 
also  hindered  to  a  considerable  extent.  If  sufficient  attention  is  given 
to  the  presence  of  this  mulch,  the  nature  of  the  underlying  soil  is  of 
less  importance  than  otherwise.  In  the  case  of  clay  the  thorough 
incorporation  of  a  large  amount  of  decayed  vegetable  matter  tends  to 
^ive  lightness  to  the  otherwise  heavy  soil,  facilitating  aeration  and 
drainage.  Since  the  roots  of  the  golden  seal  do  not  grow  well  in  a 
wet  soil,  thorough  drainage  is  necessary.  A  lighter,  sandy  soil  is 
improved  by  the  addition  of  humus,  since  its  capacity  to  hold  moisture 
is  thereby  increased  and  the  degree  of  fertility  is  improved.  The 
looser  the  soil,  the  easier  it  is  to  remove  the  roots  in  digging  without 
breaking  or  injuring  them.  Before  planting,  the  soil  should  be  thor- 
oughly prepared  to  a  depth  of  at  least  6  or  8  inches,  so  as  to  secure 
good  aeration  and  drainage.  The  good  tilth  thus  secured  will  be  in  a 
degree  preserved  by  the  continued  addition  of  a  mulch.  A  further 
advantage  of  a  careful  preparation  is  seen  in  a  decrease  in  the  amount 
of  cultivation  required  later. 

FERTILIZERS. 

The  fertilizers  that  may  be  used  with  profit  in  the  growing  of 
golden  seal  have  not  yet  been  determined,  but  it  is  probable  that  pot- 
ash and  phosphates  would  increase  the  yield,  especiall}'  if  the  soil  is 
light.  So  far  as  is  known,  no  preference  can  be  given  to  any  particu- 
lar compounds  of  either  potash  or  phosphoric  acid.  Two  hundred 
pounds  of  kainit,  or  50  pounds  of  muriate  of  potash  and  from  200  to 
300  pounds  of  superphosphate  per  acre  would  in  all  probability  prove 
useful.  The  nitrogen  is  supplied  by  the  humus  and  need  not  be  added 
in  concentrated  form. 

ARTIFICIAL  SHADE. 

Since  the  golden  seal  grows  naturally  in  the  woods,  it  must  be  pro- 
tected from  the  full  light  of  the  sun  by  artificial  shade.  That  used  in 
connection  with  the  experiments  of  the  Department  was  made  of  ordi- 
nary pine  plastering  lath  nailed  to  a  suitable  frame  elevated  on  posts. 
The  posts  were  of  cedar  8i  feet  long,  set  2i  feet  in  the  ground  in  rows 
11  feet  apart,  and  16  feet  distant  from  each  other  in  the  rows.  Sup- 
ports 2  by  4  inches  were  set  on  cedar  blocks  2  feet  long  sunk  below 
the  soil  surface  in  the  middle  of  the  16-foot  spaces.     Pine  pieces  2  by 
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4  inches  were  nailed  edgewise  to  the  tops  of  the  posts  and  supports. 
The  posts  were  notched  to  receive  the  2  by  4  inch  sticks.  Pieces  2 
by  4  inches  were  nailed  across  these  at  intervals  of  4  feet.  The  laths 
were  nailed  to  these,  leaving  spaces  about  an  inch  wide. 

This  shade  has  been  found  to  be  satisfactory,  as  it  is  high  enough 
above  the  ground  to  allow  such  work  as  is  necessary  in  preparing*  and 
cultivating  the  land.  If  the  lathing  is  extended  2  or  3  feet  be3'ond  the 
posts  on  the  sunny  sides,  injury  from  the  sun's  rays  at  the  edges  of 
the  area  will  be  prevented.  The  sides  may  be  protected  b3'  portable 
board  walls  about  2  feet  high  set  around  the  edges.  Protection  from 
injury  by  winds  when  the  tops  are  large  niay  be  thus  secured.  Too 
much  dampness  should  be  guarded  against  in  the  use  of  the  board 
sides,  since  conditions  might  be  developed  favorable  to  the  damping- 
off  fungus  and  to  aphides  during  the  hot  i*ainy  periods. 

The  cost  of  lath  shade  over  a  tenth  of  an  acre,  at  Washington,  was 
probably  considerabh'^  greater  than  will  be  necessary  in  districts  where 
lumber  is  cheaper.  The  lumber  will  probably  cost  from  $500  to  $700 
per  acre,  and  the  labor  of  the  farm  can  be  utilized  at  times  when  other 
work  is  not  pressing. 

USE   OF  TREES  AS  SHADE. 

Trees  may  be  used  for  shade,  but  this  is  in  some  ways  to  be  regarded 
as  unsatisfactor3^  When  the  shade  produced  is  of  the  right  density, 
the  use  of  the  moisture  and  raw  food  materials  of  the  soil  by  the  trees 
is  an  undesirable  feature. 

ATTENTION  REQUIBED. 

The  cultivation  of  golden  seal  is  simple.  Having  secured  a  deep, 
loose  soil,  rich  in  humus  renewed  annuall}^  by  the  application  of  anew 
mulch,  the  removal  of  weeds  is  the  chief  care.  The  soil,  if  properlj' 
prepared,  will  tend  to  maintain  itself  in  good  condition.  The  manner 
of  treatment  is  very  similar  to  that  required  by  ginseng,  which  is  also 
a  plant  of  the  moist  woods.  If  the  ground  is  thoroughly  prepared, 
beds  are  not  absolutely  necessary.  The  plants  may  be  grown  in  rows 
1  foot  apart  and  6  inches  apart  in  the  rows.  Beds  may  be  thought  by 
.some  to  be  more  convenient,  enabling  the  grower  to  remove  the  weeds 
and  collect  the  seed  more  readily.  If  beds  are  used,  they  may  be 
made  from  4  to  8  feet  wide,  running  the  entire  length  of  the  shade, 
with  walks  from  18  inches  to  2  feet  wide  between.  Boards  6  or  8 
inches  wide  are  set  up  around  the  sides  of  the  beds,  being  held  in  place 

bv  stakes  driven  on  each  side  of  the  boards  in  the  center  and  at  the 

%> 

ends.     These  beds  are  filled  with  prepared  soil,  and  the  plants  are  set 
8  inches  apart  each  way. 
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METHODS  OF   PROPAGATION. 

There  are  three  possible  wayij  of  propftgating  the  plant:  (l)  By  seed; 
(2)  by  division  of  the  rhizomes;  (3)  by  means  of  small  plaate  formed 
on  the  stronger  fibrous  roots  (fig.  5).  Thus  far  no  success  has  been 
attained  in  growing  golden  seal  from  the  seed.  The  second  and  third 
methods  have  given  better  results. 


Seeds  just  after  ripening  were  planted 
in  sandy  soil  mixed  with  well-rotted 
stable  manure  and  mulched  lightly  with 
manure.  Other  lots  were  kept  over  win- 
ter in  a  dry  condition  and  planted  in  the 
spring  in  potting  soil  in  a  greenhouse. 
No  seedlings  have  appeared,  but  a  long 
rest  period  may  be  demanded  and  the 
seed  may  yet  germinate. 

In  the  spring  of  1902,  40  plants  were 
secured  and  planted  under  a  shade  of  a 
temporary  character,  bnt  the  season  was 
too  far  advanced  to  permit  of  nmch 
growth  during  thaty  ear.  In  1903,  proper 
shade  was  supplied,  all  other  conditions 
were  better,  and  the  plants  made  a  good 
growth.  The  crop  was  dug  about  the 
middle  of  Novemlwr,  1903;  the  root-i 
were  weighed  and  divided.  They  were 
again  planted,  and  in  May,  1904,  there 
were  found  to  l)e  150  strong  plants  and  a 
few  smaller  ones  as  a  result  of  this  divi- 
sion, an  increase  of  275  per  cent.  This  method  of  propagation  seems 
to  l>e  the  most  important  and  the  other  two  of  .secondary  importance. 
The  processes  are  .simple  and  no  skill  is  needed.  The  plant  dies  down 
in  late  summer  and  the  stem  decays,  leaving  a  stiar  in  its  place  on  the 
rhizome.  Two  or  more  buds  are  formed  on  the  sides  of  the  rhizome 
and  these  accumulate  energy  for  growth  the  following  spring.  If  the 
root  is  cut  into  as  many  pieces  as  there  are  buds,  giving  each  plant  a 
portion  of  the  rhizome,  some  iihrous  roots,  and  one  or  more  buds,  the 
number  of  the  plants  can  lie  doubled.  .  The  roots  are  planted  and 
mulched  and  the  pi-ocess  is  complete.  The  rain.s  pick  the  soil  around 
the  roots  and  they  are  ready  to  grow  wlien  spring  comes.  The  proc- 
ess maj-  be  repeated  every  year  and  the  numl>er  of  roots  increased 
indefinitely. 
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EXPERIMENTS  WITH    PLANTS   FROM   FIBBOU8  ROOTR. 

The  stronger  fibrous  roots  of  the  larger  plants  dug  in  the  autumn  of 
1903  were  found  to  contain  buds,  which  were  formed  from  a  few  inches 
to  a  foot  from  the  rhizome.  (PI.  V.)  Some  were  about  half  an  inch 
long,  but  the  majority  of  them  were  smaller.  The  larger  ones  need  no 
special  treatment  and  may  be  planted  with  the  main  crop.  The  smaller 
ones  should  be  planted  in  boxes  or  beds  of  well-prepared  soil  at  a  dis- 
tance of  about  3  inches  apart,  mulched  with  a  thin  coating  of  leaf  mold.» 
or  similar  material,  and  grown  in  shade  until  large  enough  to  transplant 
to  the  shelter  with  the  larger  plants.  They  will  probably  require  at 
least  three  years  to  reach  their  full  development.  If  they  could  be 
left  undisturbed  in  the  beds  where  they  are  formed  they  would  receive 
nourishment  from  the  older  rhizomes  and  perhaps  grow  faster,  but 
it  is  probably  best  to  divide  the  older  roots  every  year  where  propaga- 
tion alone  is  desired,  planting  the  smaller  roots  and  the  plants  made 
by  division  of  the  rhizomes.  The  larger  roots  are  marketed  to  more 
advantage  than  (he  smaller  ones,  so  it  is  best  to  have  the  surplus  con- 
sist of  the  larger  roots.  The  frequent  working  of  the  soil  allowed  by 
this  treatment  will  keep  it  in  better  condition  than  if  left  undisturbed 
for  a  longer  period. 

YIELD  OF  ROOTS. 

The  yield  from  the  small  plat  grown  by  the  Department  was  4 
pounds  of  green  roots  to  an  eighth  of  a  square  rod  of  soil,  or  5,120 
pounds  per  acre.  This,  when  dried,  would  give  about  1,500  pounds 
of  marketable  roots.  The  conditions  were  not  very  good,  the  shade 
being  too  close  to  the  plants,  and  the  plants  being  set  too  far  apart. 
The  yield  will  probably  be  larger  with  the  shade  now  in  use.  The  150 
roots  obtained  by  dividing  the  above  crop  now  occupy  less  than  one- 
fourth  of  a  square  rod,  and  are  set  in  rows  1  foot  apart  and  6  inches 
apart  in  the  rows. 

TIME   NECESSARY  TO  MATURE  CROP. 

The  number  of  years  necessary  to  produce  the  largest  crop  has  not 
been  definitely  determined,  but  the  root8  begin  to  decay  after  the 
fourth  year,  and  the  centml  and  largest  part  of  the  root  decays  at  the 
oldest  scar,  leaving  two  or  more  plants  in  place  of  the  old  one.  No 
advantage  can  be  gained  b}'  growing  the  plants  more  than  three  }■  ears, 
and  probably  very  little  by  growing  them  more  than  two  years.  For 
propagation  alone  one  year  will  give  good  results,  while  for  maintain- 
ing a  constant  area  and  producing  a  crop,  two  or  three  years,  depending 
upon  the  growth  made,  will  give  a  good  crop  of  large,  marketable 
roots. 


GOLDEN   SEAL. 


IT  OOlTDmONB. 


Golden  seal  is  a  root  the  price  of  which  has  fluctuated  widely,  because 
of  the  alternate  oversupply  and  scarcity,  manipulation  of  the  market, 
lack  of  demand,  or  other  influences.  High  prices  will  cause  the  dig- 
gers to  gather  the  root  in  abundance,  thus  overstocking  the  market, 
which  the  next  season  results  in  lower  prices,  at  which  diggers  refuse 
to  collect  the  root,  thus  again  causing  a  shortage  in  the  suppl}'.  Lack 
of  demand  usually  brings  about  a  shrinkage  in  price,  even  though  the 
i<uppty  is  light,  while  an  active  demand  will  cause  prices  to  advance  in 
spite  of  a  plentiful  supply.  The  arrival  of  spring-dug  root  has  a 
weakening  effect  on  the  market,  although  the  fall-dug  root  is  always 
preferred.  For  the  past  few  years,  however,  high  prices  have  been 
steadily  maintained,  and  there  appears  to  be  but  one  cause  for  this, 
and  that  is,  as  already  pointed  out,  that  the  forests  no  longer  yield 
unlimited  quantities  of  this  valuahle  root,  as  in  former  years,  and  the 
scanty  supply  that  can  be  had  is  inadequate  to  meet  the  constantly 
increasing  demand. 

HIGHEST  AND  LOWEST  PBICES. 

The  following  table,  takeit-  from  files  of  the  Oil,  Paint,  and  Drujj 
Reporter,  shows  the  highest  and  lowest  prices  quoted  for  golden  seal 
in  the  New  York  market  each  month  during  the  past  ten  years,  and 
also  the  highest  and  lowest  points  touched  each  year  from  1894  to 
1WI3,  inclusive.  The  figures  are  based  on  the  closing  quotations  of 
each  successive  week: 


18M.        IK8A.        ISM. 

"'.C          1886. 

im.      1900.  '  1901.  1   iva.  \  isra. 

L.     H.    L.  ,  H.    L. 

1,.     H, 

L. 

H.  1  I..     H. 

^ 

57  1  M,  ■  SO 

1«(,  23     "'    *»     >^i 

■     .1  !  50     S6  :  7.-   «  i  «, 

"*!  ^ , « 1 " 

«  1  75  ]    61 

According  to  the  market  reports  contained  in  the  Oil,  Paint,  and 
Pnig  Reporter,  the  year  1904  opened  with  a  quotation  of  74  to  75  cents, 
which  soon  advanced  (in  one  week  early  in  February)  from  70  cents  to 
95  cents,  A  still  further  advance  occurred  about  the  end  of  February, 
when  the  price  went  up  from  $1  to  $1.25  per  pound.  In  March  the 
market  was  almost  destitute  of  supplies,  but  lack  of  interest  brought 
the  price  down  to  $1.10.     In  May  the  price  advanced  again  to  $1.25, 
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and  it  was  stated  that  the  local  supplies  were  being  held  by  a  small 
number  of  dealers,  although  it  was  believed  that  together  they  held 
not  more  than  1,000  pounds.  About  June  1  the  arrival  of  spring-dug 
root  caused  the  market  to  sag,  prices  ranging  from  $1.10  to  $1.18  . 
during  that  month,  and  in  July  from  90  cents  to  $1.10.  In  August  ] 
the  lowest  price  was  $1.15  and  the  highest  $1.60,  no  discrimination 
being  made  between  the  fall  dug  and  the  spring-dug  roots.  From 
September  1  to  October  15  the  price  of  golden  seal  varied  but  little, 
$1.35  being  the  lowest  and  $1.40  the  highest  quotation.  No  supplies 
worth  mentioning  can  be  obtained  in  the  West;  the  stock  in  New 
York  is  short,  and  the  demand,  especially  for  export,  is  increasing. 
It  is  impossible  to  ascertain  the  exact  annual  consumption  of  golden 
seal  root,  but  the  estimates  furnished  by  reliable  dealers  place  these 
figures  at  from  200,000  to  300,000  pounds  annually,  about  one-tenth 
of  which  is  probably  used  for  export. 

It  will  be  observed  that  the  price  of  this  article  is  very  sensitive  to 
market  conditions,  and  it  seems  probable  that  the  point  of  over- 
production would  be  easily  reached  if  a  large  number  of  golden  seal 
growers  were  to  meet  with  success  in  growing  large  areas  of  this  drug. 
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Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled 
'' Wither-Tip  and  Other  Diseases  of  Citrous  Trees  and  Fruits  Caused 
by  Colletotrichum  Gloeosporioides,"  and  respectfully  recommend  that 
it  be  published  as  Bulletin  No.  52  of  the  series  of  this  Bureau. 

This  paper  was  prepared  by  Mr.  P.  H.  Rolfs,  Pathologist  in  Charge 
of  the  Subtropical  Laboratory  of  this  Bureau,  under  the  direction  of 
the  Pathologist  and  Physiologist,  by  whom  the  paper  was  submitted 
with  a  view  to  publication.  The  accompanying  six  plates,  three  of 
which  are  colored,  are  believed  to  be  necessary  for  a  complete  under- 
standing of  the  subject-matter  under  discussion. 

Respectfully, 

B.  T.  Galloway, 

Ch  ief  of  Bureau. 
Hon.  James  Wilson, 
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3 


PREFACE. 


The  diseases  of  citrous  fruits  described  in  this  report  have  caused 
within  the  past  four  or  live  years  considerable  loss  to  the  cultivators 
of  these  fruits,  especially  in  the  more  humid  regions.  A  fungus  {Col- 
letotrichwn  glceos^porioides  Penzig)  has  long  been  known  as  the  caiise 
of  a  disease  on  omnge,  pomelo,  and  lemon  twigs,  commonly  called 
*^  wither-tip,"  and  the  same  fungus  causes  a  serious  disease  of  the 
leaves,  known  as  ''leaf-spot,"  on  these  and  other  citrous  trees.  Mr. 
Rolfs  has  now  demonstrated  that  anthracnose  of  lime  blossoms  and 
young  fruits  and  of  lime  and  lemon  twigs,  ''spot"  of  ripe  lemons,  and 
"canker "'of  limes  are  all  caused  by  this  same  fungus.  A  knowledge 
of  this  fact  should  be  of  great  value  to  citrus  growers  in  combating 
these  diseases. 

By  proper  pruning  and  fungicidal  treatment,  as  recommended  in 
this  report,  all  of  these  troubles  may  be  easily  prevented  or  controlled. 

Thanks  are  due  to  Mr.  F.  D.  Waite,  general  manager  of  the  Mana- 
tee Lemon  Company,  for  many  courtesies  shown  during  the  progress 
of  these  investigations. 

Albert  F.  AVoods, 
PathohHjlst  and  Phyi<lologist, 

Office  of  Vegetable  Pathological 

AND  Physiological  Investigations, 

Washington^  D.  61,  October  S^  1903. 
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WITHER-TIP  AND  OTHER  DISEASES  OF  CITROUS  TREES  AND  RM 

CAUSED  BY  COLLETOTRICeUM  GL(EOSPORIOIDES. 


INTBOBUCTION. 

The  group  of  diseases  discussed  in  this  bulletin  was  unknown  in 
Florida  until  a  comparatively  recent  time.  At  first  recorded  as  of 
merely  passing  interest,  the  attacks  of  the  fungus  CoUetotrichum 
glceosporioides  nave  since  increased  in  severity  until  they  are  now 
assuming  serious  proportions  in  various  citrous  crops.  The  amount  of 
damage  done  by  lemon-spot  is  often  suflBcient  to  eliminate  the  profits 
of  the  shipments  in  which  the  disease  occurs.  As  wither-tip  it  repeat- 
edly kills  back  the  new  growth  of  young  trees  until  their  vitality  is 
exhausted.  On  large  trees  the  small  twigs  are  cut  oflf,  thus  prevent- 
ing the  tree  from  producing  the  bloom  necessary  to  set  a  heavy  crop. 
As  anthracnose  and  canker  of  lime  it  has  caused  an  almost  total  destruc- 
tion of  the  crop  where  the  disease  has  gained  a  foothold. 

The  fact  that  the  attack  of  this  fungus  manifests  itself  in  various 
diseases  has  greatly  complicated  the  work  and  added  immensely  to  the 
labor  of  demonstrating  its  identity.  The  results  of  the  miscroscopic 
work  indicated  that  these  various  diseases — wither-tip,  leaf -spot,  lemon- 
spot,  canker,  and  anthracnose — were  produced  by  one  species  of  fungus. 
It  remained  for  cross  inoculation  with  pure  cultures  to  confirm  this 
supposition.  In  most  cases  these  cross  inoculations  took  readily,  while 
in  others  it  was  difficult  to  induce  the  fungus  to  make  an  attack. 
This  was  especially  the  case  in  attempting  to  produce  lemon-spot. 
Infection  at  the  stigma  of  lime  blossoms  is  one  of  the  inoculations 
most  easily  accomplished. 

Leaf-spot  is  easily  produced  artificially  on  foliage  infested  with 
purple  mites.  To  produce  such  an  infection  a  leaf  must  be  washed 
carefully  to  free  it  from  danger  of  natural  infection,  and  then  spores 
from  a  pure  culture  should  be  applied  to  the  epidermis,  after  which 
a  moist  atmosphere  is  necessary. 

BISTBIBUTION  OF  THE  DISEASES. 

The  diseases  known  as  wither-tip,  anthracnose,  leaf -spot,  and  canker 
extend  through  a  large  portion  of  Florida,  the  West  Indies,  South 
America,  Australia,  and  Malta,  and  it  seems  probable  that  they  occur 
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in  all  parts  of  the  world  where  the  orange  is  cultivated,  especially  in 
the  more  humid  regions.  The  drier  regions  are  more  exempt  from 
leaf  and  branch  inhabiting  fungi. 

In  Florida  the  diseases  seem  to  be  increasing  in  severity.  Prof. 
L.  M.  Underwood^  wrote,  in  1891: 

This  disease  [wither-tip]  was  found  at  only  one  point  in  Lake  County.  Dr.  Martin 
found  it  in  1SS6  at  Green  Ck)ve  Spring.  It  does  not  seem  to  be  widespread  nor  at 
present  of  much  importance,  but  is  recorded  here  that  attention  may  be  called  to  it, 
so  that  its  nature  may  be  known  and  its  progress  watched. 

Professor  Hume*  has  collected  specimens  of  the  disease  in  several 
places  in  Florida.  He  also  mentions  that  some  pomelo  seedlings  lost 
nearly  all  of  their  leaves  as  a  result  of  the  attack  of  the  fungus  in 
question. 

Miss  Stoneman^  found  that  this  fungus  attacked  orange  trees  in 
conservatories. 

Penzig^  mentions  this  fungus  as  being  destruc^tive  to  citrous  plants, 
attacking  the  foliage  mainly. 

McAlpine '  found  this  fungus  on  the  orange  near  Melbourne,  Aus- 
tralia, in  1892,  and  in  1898  it  was  found  by  Troyon  to  be  destructive 
to  lemon  leaves  in  Queensland. 

In  Brazil  it  seems  to  be  quite  generally  distributed.  Noack-^  found 
it  especially  severe  at  Sao  Paulo,  where  it  was  recognized  not  only  on 
the  leaves,  but  also  on  the  smaller  twigs.  The  latter  were  killed  as 
far  as  the  fungus  penetrated,  showing  a  very  decided  demarcation 
between  the  sound  and  the  diseased  areas. 

GENEBAL  METHOD  OF  ATTACK. 

The  initial  lesion  is  usually  at  the  tip  (see  PL  V,  fig.  1)  or  an  edge 
of  a  leaf.  More  rarely  is  a  leaf  attacked  at  the  midrib  or  some  other 
interior  portion.  The  part  attacked  becomes  light  green,  then  turns 
brown.  Then  the  acervuli  form;  at  first  light  brown,  then  dark 
brown  or  nearly  black.  They  may  develop  on  either  surface  and  in 
various  arrangements. 

EXTENT  OF  INJUBY. 

All  sizes  of  trees,  from  those  located  in  the  nursery  (even  seedlings 
in  the  seedling  beds)  to  the  oldest  trees  in  a  grove,  are  subject  to  attack. 
Budded  trees  less  than  a  year  old  are  rarely  attacked  except  in  the 
leaves.  Where  such  infections  are  allowed  to  remain  on  the  tree^  the 
diseased  area  extends  into  the  growing  twigs  and  causes  the  typical 

«Jo\ir.  Myc,  VII:  35,  1891. 

ft  Bui.  Fla.  Agr.  Exp.  Sta.,  53: 172,  1900. 

cBot  Gaz.,XXVI:  87,  1898. 

rf  Funghi  Agrumicoli,  p.  66.     Padova,  1882. 

« McAlpine,  D.    Fungus  Diseases  of  Citrus  Trees  in  Australia,  102,  1899. 

/Noack,  Fritz.     Zeitschrift  f.  Pflanzenkrank.,  X:  329,  1900. 
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''  \vither-tip."  (See  PI.  V,  fig.  2.)  In  such  cases  the  tip  dies  back  for  a 
distance,  or  the  disease  may  go  as  far  as  the  trunk  and  then  stop.  A 
bud  below  the  diseased  portion  then  pushes  forward,  but  unless  pre- 
ventive measures  are  used  the  second  sprout  withers  back  like  the 
first.  In  this  way  the  disease  may  prevent  the  tree  from  making  any 
growth,  and  even  kill  it  in  four  or  five  years.     (See  PI.  VI.) 

The  initial  attack  in  older  trees  is  the  same  as  in  trees  in  the  nur- 
sery rows.     The  fungus  gains  entrance  to  the  tissues  of  the  leaf  and 
from  this  grows  down  into  the  fruiting  twigs.     This  cuts  oflf  much  of 
the  younger  growth  in  severe  cases  and  thus  prevents  blooming  to  a 
large  extent.     Such  cases  are  frequently  mistaken  for  blight,  but  a 
more  common  error  is  to  attribute  the  injury  to  die-back.     It  may  be 
readily  distinguished  from  blight  by  the  fact  that  only  small  twigs  die 
off,  and  these  do  so  without  any  wilting  of  leaves.     Even  the  leaves 
that  are  so  badly  diseased  that  they  fall  do  not  wilt,  while  in  the  case 
of  blight  the  leaves  wilt  with  no  visible  sign  of  injury.     It  may  be 
distinguished  from  die-back  by  the  absence  of  multiple  buds,  of  gum 
pockets,  or  of  dark  excrescences.     One  or  more  of  these  characters 
always  accompany  die-back.     Die-back  twigs  may  be  attacked  by  this 
fungus,  but  in  such  cases  wither-tip  must  be  regarded  as  the  secondary 
disease.     This  disease  may  be  also  present  in  a  blighted  tree.     Any 
agency  that  lowers  the  vitality  of  a  tree,  whether  fertilizer,  weather, 
or  condition  of  soil,  predisposes  it  to  an  attack  of  wither-tip,  but  trees 
that  are  in  the  most  healthy  condition  possible  are  also  attacked  when 
exposed  to  infection.     The  damage   caused  by  this  disease  is  very 
largely  overlooked  from  the  fact  that  it  occurs  upon  the  smaller  twigs 
and  is  often  attributed  to  other  diseases,  as  previously  stated.     Where- 
ever  pruning  is  practiced   the  infected  branches  are  usually  cut  off 
before  the  nature  of  the  disease  becomes  fully  apparent. 

VABIETIES  ATTACKED. 

All  varieties  and  species  of  citrous  trees  and  fruits  cultivated  in 
Florida  are  more  or  less  subject  to  attack.  Since  the  parts  attacked 
and  the  parts  most  greatly  damaged  differ  considerably,  the  measures 
adopted  for  relief  must  be  varied  according  to  the  different  diseased 
conditions. 

LIME. 

ANTHRACNOSE. 

The  lime  is  the  most  severel}^  attacked  of  the  citrous  species.  It 
sustains  its  greatest  loss  during  the  time  of  most  rapid  growth,  which 
is  usually  during  the  spring  and  early  summer.  The  effect  of  the 
fungus  in  the  young  growing  shoots  is  somewhat  peculiar,  as  it 
resembles  the  result  of  an  attack  from  biting  insects,  and  by^  many 
persons  it  is  attributexl  to  this  cause.     (See  PI.  I,  fig.  1. ) 
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The  infection  usually  takes  place  at  the  axil  of  a  leaf  or  some  other 
place  where  the  spore  may  find  lodgment,  and  the  fungus  then  cuts  off 
the  stem,  causing  the  upper  part  to  fall  over  and  hang  lifeless  beside 
the  other  portion,  or  it  may  fall  away;  in  this  manner  simulating'  the 
effects  of  insect  depredations.  In  such  cases  gum  quickly  forms  at 
the  wound  and  prevents  the  fungus  from  forcing  its  way  down  the 
twig. 

Besides  the  young  growing  twigs  and  leaves,  the  blossoms,  the 
unopened  buds,  and  the  young  fruit  are  attacked.  When  the  fungus 
attacks  an  unopened  bud  the  latter  fails  to  develop  and  the  entire 
outer  portion  becomes  covered  with  spores.  In  the  opened  blossom 
the  most  common  point  of  attack  is  the  stigmatic  surface  of  the  pistil. 
(PL  n,  fig.  1.)  The  fungus  grows  in  the  stigma  and  finally  destroys 
the  entire  fruit;  this,  however,  usually  falls  off  before  the  fungus  has 
time  to  penetrate  below  the  calyx.  By  attacking  the  blossoms  the 
fungus  may  render  the  whole  tree  entirely  fruitless,  the  calyxes 
remaining  until  the  normal  time  of  ripening,  giving  the  branch  a  very 
peculiar  appearance.  (See  PI.  II,  fig.  1,  representing  various  stages 
in  the  development  of  the  disease.) 

In  addition  to  attacking  the  open  bud,  the  spores  frequently  find  a 
place  for  infection  in  the  nectaries.  The  development  of  the  fungus 
here  causes  the  fruit  to  fall,  and  the  resulting  appearance  is  much  the 
same  as  when  the  infection  took  place  in  the  stigma. 

WITHER-TIP. 

When  the  fungus  gains  enti*ance  from  the  terminal  bud  or  from  leaf 
infection  the  formation  of  the  gum  previously  mentioned  does  not  take 
place,  and  the  disease  may  extend  down  the  twig,  resulting  in  a  case  of 
wither-tip  similar  .to  that  encountered  in  other  species  of  citrus.  (See 
PI.  I,  fig.  2.) 

FRUIT   CANKER. 

If  the  bloom  escapes,  the  young  fruit  may  be  attacked  at  almost  any 
subsequent  period.  (PL  II,  figs.  2,  3,  and  4.)  The  attack  on  the  young 
fruit  frequently  causes  a  portion  to  be  taken  out  as  though  bitten  by  a 
grasshopper  or  some  other  gnawing  insect.  This  causes  a  large  per- 
centage of  the  young  fruit  to  fall.  Fruits  after  they  are  about  half 
developed  are  not  usually  attacked.  When  the  fruit  has  reached  con- 
siderable size  (about  that  shown  in  PI.  11,  fig.  4)  before  it  has  been 
attacked,  corky  tissues  form  and  a  development  takes  place  resembling 
scab  or  verrucosis.     (See  PI,  IV.) 

LEMON. 
LEAF-SPOT  AND  WITHER-TIP. 

Lemon  leaves  are  attacked  in  the  typical  way,  causing  leaf -spot,  and 
from  these  the  disease  extends  into  the  twigs,  causing  the  wither-tip. 
For  a  description  of  the  characteristics  of  this  attack  see  page  10. 
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LEMON-SPOT. 

The  disease  causes  the  most  serious  damage  to  the  mature  fruit. 

The  fungus  finds  entrance  through  some  slight  bruise  or  abrasion  of 

the  skin,  or  it  may  be  that  infection  takes  place  through  the  uninjured 

skin  under  conditions  not  known  at  present.     Attempts  at  artificial 

inoculation  through  the  uninjured  skin  of  the  lemon  failed  uniformly. 

Even  so  slight  an  abrasion  as  rubbing  the  fruit  together  in  a  packing 

crate  or  handling  it  roughly  gives  sufficient  opening  for  the  fungus 

to  enter.     The  results  of  applying  spores  from  pure  cultures  to  the 

epidermis  confirmed  this  conclusion.     When  the  fungus  has  once  found 

its  way  into  the  epidermis  a  dark  spot  is  produced.    (See  PL  II,  fig.  5.) 

This  continues  to  enlarge  until  a  definite  brown  spot  is  made.    (See  PI. 

Ill,  fig.  1.)    The  development  then  continues  until  the  entire  rind  of 

the  lemon  is  browned.     Ordinarily  the  diseased  skin  hardens,  so  that 

the  actual  usefulness  of  the  lemon  has  not  been  materially  impaired 

by  the  attack,  but  since  it  is  not  salable  its  value  has  been  destroyed. 

The  injur}^  from  this  disease  is  the  greater  because  of  the  fact  that 
infection  to  a  large  extent  occurs  during  the  handling  of  the  fruit, 
especially  during  the  coloring  period,  so  that  the  fruit  is  sent  oflf  to 
market  before  the  disease  is  visible.  The  diseased  spots  continue 
to  enlarge,  and  when  the  fruit  arrives  in  the  market  they  may  be  the 
size  represented  by  the  figures  of  Plate  III.  This  of  course  makes  the 
fruit  unsalable,  and  it  becomes  necessary  for  the  merchant  to  repack, 
discarding  all  fruit  that  shows  infection.  Spores  are  rarely  produced 
on  such  lemons,  except  when  the  fruit  is  kept  in  a  moist  place,  in  which 
case  they  are  produced  in  gi'eat  profusion,  as  illustrated  by  figure  2  of 
Plate  III. 

The  peculiar  way  in  which  lemons  have  to  be  handled  for  market 
makes  them  especially  liable  to  attack.  The  fruit  is  picked  from  the 
tree  when  still  green.  The  growers  allow  the  lemons  to  mature  suffi- 
ciently to  develop  in  them  a  ceiiain  amount  of  citric  acid.  When 
they  have  attained  the  proper  size  (and  this  must  be  learned  by  experi- 
ence) so  that  they  will  shrink  in  the  course  of  curing  to  the  size 
demanded  by  the  market,  they  are  picked  and  placed  in  a  coloring 
house,  or  they  may  be  placed  in  a  large  heap,  which  is  then  covered 
with  hay  or  similar  material  to  keep  out  the  light  and  to  keep  them  at 
a  uniform  temperature.  It  therefore  happens  that  the  lemon  groves 
must  be  picked  over  several  times  during  the  ripening  season,  the 
largest  and  most  fully  developed  specimens  being  taken  oflf  usually  in 
August  or  September,  according  as  experience  dictates.  In  handling 
these  it  is  almost  impossible  to  keep  them  from  being  bruised  or 
slightly  scratched  or  even  pricked  by  thorns.  Such  abrasions  in  the 
epidermis,  however  slight,  are  sufficient  to  permit  the  entrance  of  the 
fungus. 
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THE  COLORING  HOUSE, 

The  coloring  houses  for  the  lemons  are  small  structures,  usually 
about  12  feet  wide  by  14  feet  long  and  10  or  12  feet  high.  They  are 
double  walled  and  built  with  a  steel  roof.  The  sun  shining  on  this 
roof  causes  the  temperature  of  the  building  to  rise.  By  means  of 
ventilation  at  the  bottom  and  top  the  cool  air  is  allowed  to  enter  at 
the  floor  and  the  hot  air  to  pass  out  at  the  ridge  of  the  roof.  By 
means  of  these  ventilators  the  temperature  is  kept  from  reaching-  too 
high  a  degree.  At  night  the  openings  which  perm^it  the  cold  air  to 
enter  are  closed,  and  if  the  outdoor  temperature  happens  to  be  quite 
cool  the  ventilators  in  the  roof  are  also  closed.  In  this  way  the 
temperature  of  the  coloring  house  causes  a  very  rapid  ripening  of  the 
lemons,  the  fruit  turning  yellow  in  a  few  days.  The  evaporation  from 
the  lemons  causes  the  air  to  become  humid,  creating  a  most  admirable 
condition  for  germinating  any  CoUetotrichum  spores  that  may  be 
adhering  to  the  fruit.  Spores  that  happen  to  be  near  an  abrased  place 
in  the  epidermis  of  the  lemon  will  find  an  entrance  and  produce  the 
disease  in  the  fruit.  The  drying  of  the  fruit  which  occurs  at  the  latter 
end  of  the  coloring  period  causes  the  affected  portions  to  become 
depressed  brown  areas  when  the  disease  has  progressed  sufficiently. 

When  the  lemons  have  been  permitted  to  mature  rather  fully  the 
process  in  the  curing  house  is  of  short  duration.  No  matter  how 
short  it  is,  however,  it  is  always  sufficiently  long  to  permit  fungus 
infection.  When  the  period  between  infection  and  removal  of  the 
fruit  from  the  coloring  house  is  of  short  duration,  the  spots  have  not 
had  time  to  collapse  and  become  brown,  making  it  impossible  to  detect 
the  disease  when  the  fruit  is  being  graded  and  put  into  crates;  conse- 
quently a  considerable  percentage  of  lemons  infected  with  Colhto- 
trichwn  is  packed  and  shipped  to  the  markets  and  the  diseased  spots 
develop  in  transit. 

Experiments  with  infected  lemons  show  that  the  fungus  continues 
to  develop,  even  if  they  are  placed  in  the  dry  atmosphere  of  a  living 
room,  and  that  a  spot  is  produced,  as  shown  in  Plate  III,  figure  1. 
These  spots  when  examined  under  a  microscope  showed  no  fungus 
spores,  and  only  a  few  mycelia  were  found  in  the  tissues  of  the 
lemon  rind  adjoining  the  blackened  area.  On  lemons  under  normal 
conditions,  such  as  those  in  a  crate  on  the  way  to  market  or  in 
a  storeroom,  these  spots  develop  very  rapidly.  Freight  cars  or  the 
holds  of  vessels  are  usually  superheated,  bringing  the  temperature 
up  to  that  needed  for  the  most  rapid  development  of  the  fungus. 
Crates  of  lemons  that  were  started  out  from  the  packing  house  during 
August,  1902,  without  the  slightest  visible  speck,  were  found  to  have 
from  5  to  25  per  cent  of  specked  fruit  when  they  arrived  in  the  Boston 
market.     Specimens  taken  to  the  laboratory  and  kept  under  conditions 
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similar  to  those  of  lemons  packed  in  a  crate  developed  spots  varying  in 
size  up  to  three-fourths  of  an  inch  in  diameter.  Every  lemon  thus 
spotted  is  rendered  worthless  for  commercial  purposes;  nor  is  the 
entire  loss  represented  by  the  percentage  of  specked  lemons,  since  a 
crate  of  lemons  containing  even  a  small  percentage  of  specked  fruit 
can  not  be  sold  except  at  a  liberal  discount  or  after  the  additional 
expense  of  repacking. 

When  specked  lemons  are  placed  in  a  moist  chamber  the  fungus 
develops  very  rapidly  and  produces  a  great  quantity  of  spores,  as  shown 
in  Plate' II,  figure  2.  The  lemons  under  these  conditions  give  out  a 
peculiar  moldy  citric  odor.  It  not  infrequently  happens  that  sufficient 
moisture  is  produced  in  transit  to  market  to  permit  a  very  full  develop- 
ment of  spores.     In  storage  especially  this  is  true. 

« 

THE   COLORING   BED. 

The  very  considerable  loss  sustained  as  the  result  of  curing  lemons 
in  a  house  caused  it  to  be  suspected  that  the  curing  house  was  at  fault 
in  this  matter.  Curing  beds  were  therefore  prepared.  These  are  made 
by  selecting  a  position  that  is  high  and  dry,  clearing  off  the  land,  and 
smoothing  the  surface.  This  is  then  covered  with  hay  or  some  other 
soft  material.  The  picked  lemons  are  placed  upon  this  bed  to  a  depth 
of  a  foot  or  more,  and  are  covered  with  hay  or  similar  material  to  a 
sufficient  depth  to  keep  out  the  light.  In  this  bed  the  lemons  go 
through  a  curing  process  very  similar  to  that  of  the  curing  house. 
The  temperature  being  much  lower  and  the  possibility  of  regulating 
it  being  removed,  the  process  is  much  less  certain  and  less  satisfactory'' 
than  in  the  curing  house,  the  lemons  not  curing  uniformly.  In  these 
curing  beds  the  spotting  of  the  lemons  goes  on  in  very  much  the  same 
way  as  in  the  curing  house.  The  time  elapsing  between  placing  the 
lemons  in  the  curing  bed  and  removing  them  from  it  is  considerably 
longer  than  in  the  curing  house;  conseauently  a  greater  {)ercentage  of 
the  lemons  infected  with  Colletotrichum  show  spots,  and  the  fungus 
has  time  to  develop  larger  spots,  which  makes  it  less  difficult  to  detect 
the  diseased  lemons.  As  a  consequence,  fewer  lemons  infected  with 
the  fungus  pass  the  graders  and  packers,  and  a  smaller  percentage  is 
lost  after  being  shipped. 

OBANGE  AND  POMELO. 

LEAF-SPOT. 

The  first  point  of  attack  is  in  the  leaf.  The  development  of  the 
fungus  takes  various  peculiar  forms.  At  times  the  acervuli  are  dis- 
tributed in  a  more  or  less  regular  way  from  a  center,  resembling 
"fairy  rings."  At  other  times  the  infection  takes  place  in  the  tip  of 
the  leaf,  which  gradually  withers  back  to  the  stem.  Small  trees  may  be 
defoliated  and  the  fungus  continue  to  develop  in  the  twigs  (see  PI.  V). 
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WIXHEB-TIP. 

The  smaller  twigs  of  the  aweet  oraogc  and  pomelo  are  very  fre- 
quently and  severely  attacked.  In  a  great  many  ca^es  the  death  of 
twigs  from  an  attack  of  wither-tip  is  supposed  to  l>e  the  result  of  die- 
back.  This  may,  however,  be  easily  distinguished  from  die-back,  as 
indicated  on  page  11.  It  not  infrequently  happens  that  die-back  and 
wither-tip  occur  on  the  same  twig.  Any  material  weakening  of  the 
health  of  the  tree  is  very  likely  to  induce  an  infection;  this,  however, 
ia  not  a  necessary  antecedent  to  infection.  The  fruit  of  these  two 
varieties  appears  to  be  exempt  from  attack. 

BESCBIFTION  OF  TEE  FITN01TS. 
Acervuli  located  on  the  surface  of  the  leaf,  twig,  or  fruit;  90-270>< 
in  diameter,  erumpent,  superficial.  Shape  various,  not  uniform,  occur- 
ring on  either  surface  of  citrous  leaves;  disposed  irregularly  or  in  more 
or  less  concentric  lines;  pale  to  dark  colored.  On  tender  lime  twigs, 
tender  lemon  twigs,  lemon  fruits,  and  lime  fruits,  pale  colored,  dull 
red  in  masses  (see  PI  V)  confluent.    Epidermis  breaks  irregularly. 
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PiO  1  — SecIloD  al  ac  i  u  us     (DnivnbyL.U  UcCullough  ) 

SetiB  fuliginous,  ranging  in  length  from  60  to  160/j,  frequently  once 
or  twice  septate,  disposed  at  margin  of  acervuli.  Frequently  absent, 
and  on  tender  lime  twigs,  tender  lemon  twigs,  lemon  fruits,  and  lime 
fruits  usually  absent. 

Conidia  broadly  oval  or  oblong,  lO-Wft  by  5-7/i,  hyaline;  size  vari- 
able in  same  acervulus,  usually  with  one  or  two  oil  drops.  Developing 
from  a  well-defined  stroma;  ba.sidia,  3-18/^.  In  moist  chamber  the 
conidia  stream  from  the  break  in  the  epidermis. 

Intra-basidial  setie,  \ariable  8-30;i  by  S-Q/j,  cylindrical  or  sometimes 
enkrged  at  distal  end;  hyaline. 

9TN0NTMT. 

Cirltelolrirhum  glav'iwrioulfK  Penzig. 

Vertnicttlaria  gleeuiqxirioUlcg  Penzig.  Funghi  Agrumicoli,  No.  90,  p.  66,  fig.  1188, 
Padova,  1882. 

Phylloftida  orfusta,  E.  &  M,  Jour.  Myc,  U,  p.  130,  Nox-ember,  1886. 

Colletotrkkum  gl<eo»yxmoidoi  Peozig.  Botanici  .\gTumi  e  auUe  pianle  affini.  Ann. 
d'  Agria,  p.  384,  Plate  XXXVIII,  fitrs.  3  and  4,  1887. 

ColUtotrkhum  adurium.  Ell.,  Jour.  Myc,  VII,  |>.  35,  May,  1891. 
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FBEVENTIVE  AND  REMEDIAL  MEASTJBES. 
TREAT>IENT  TO   PREVENT  LEMON-SPOT. 

The  10S8  from  spotting  of  lemons  may  be  greatly  reduced,  if  not 
entirely  prevented,  by  spraying  with  hingicides,  such  as  potassium 
SLilphid,  anmioniacal  solution  of  copper  carbonate,  and  Bordeaux 
mixture. 

The  particular  fungicide  to  be  used  will  depend  on  the  specific  form 
in  which  the  disease  manifests  itself.  For  lemon-spot  sulphur  spray" 
may  be  used  after  the  lemons  have  been  picked. 

The  spraying  may  be  done  by  first  placing  a  layer  of  lemons  one  or 
two  deep  on  the  curing  bed,  then  spray  this  thoroughly,  place  upon 
these  another  la^er  of  lemons  one  or  two  deep  and  again  spray,  con- 
tinuing the  placing  of  lemons  and  spraying  imtil  the  amount  of  fruit 
needed  to  fill  the  bed  has  been  supplied.  After  this  the  lemons  should 
be  allowed  to  dry  thoroughly  before  the  cover  is  placed  upon  the  bed. 
It  is  (j[uite  probable  that  the  sulphur  spray  or  the  potassium  sulphid* 
will  also  be  helpful  in  the  process  of  coloring  the  lemons.  Sulphur 
spray  and  potassium  sulphid  being  mild  fungicides,  there  is  no  danger 
of  producing  rot  by  their  use. 

Ammoniacal  solution  of  copper  carbonate^  ma}"  also  be  used  to  prevent 
spotting,  but  the  solution  should  be  applied  to  the  fruit  a  week  or  ten 
days  before  picking.  The  spraying  should  be  done  thoroughly  and 
care  should  be  exercised  to  get  the  mixture  on  the  fruit.  The  amount, 
if  at  all  apparent,  will  be  so  small  that  it  will  not  interfere  with  its 

fl  Preparation  of  sulphur  spray. — Place  30  pounds  of  flowers  of  sulphur  in  a  wooden 
tub  large  enough  to  hold  25^  gal  Ions.  Wet  the  sulphur  with  3  gallons  of  water;  stir 
it  to  form  a  paste.  Then  add  20  pounds  of  98  per  cent  caustic  soda  (28  pounds  should 
be  usetl  if  the  caustic  soda  is  70  per  cent)  and  mix  it  with  the  sulphur  paete.  In  a 
few  minutes  it  l)ecomes  very  hot,  turns  brown,  and  l)ecomes  a  liquid.  Stir  thoroughly 
and  add  enough  water  to  make  20  gallons.  Pour  off  from  the  sediment  and  keep  the 
liquid  as  a  stock  solution  in  a  tight  barrel  or  keg.  Of  this  solution  use  4  quarts  to  50 
gallons  of  water. 

&  Use  1  ounce  of  potassium  sulphid  to  2  gallons  of  water. 

<J2b  prepare  ammoniacal  solution  of  copper  car b(mate. — Put  3  gallons  of  water  in  a 
wooden  or  an  earthen  vessel,  pour  3  pints  of  ammonia  (26°  B. )  in  this,  and  stir  it  to  mix 
the  two  evenly.  Take  8  ounces  of  copper  carbonate  and  shake  it  into  the  ammonia 
water,  stirring  the  liquid  for  a  while.  If  a  considerable  part  of  the  copper  carlwnate 
remains  undissolved,  the  liquid  may  be  left  to  settle;  if,  however,  all  or  nearly  all  of 
the  copper  carbonate  is  dissolved,  more  of  it  should  be  added  in  the  maimer  previ- 
ously described  until  a  considerable  amount  remains  undissolved;  then  it  is  set  aside 
as  stated  before.  After  the  precipitate  has  settled,  use  the  clear  blue  liquid.  The 
andiasolved  copper  carbonate  may  then  be  treated  with  more  ammonia  and  wat^r, 
fresh  copper  carbonate  being  added  whenever  the  residue  becomes  less  than  an 
ounce.  The  solution  should  not  be  kept  for  more  than  a  day  or  two,  and  when 
used  1  gallon  should  be  diluted  with  15  or  20  gallons  of  water. 
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selling  quality.  Bordeaux  mixture  can  not  be  used  to  good  advanta^ 
on  lemons,  because  it  adheres  verj^  tenaciously  to  the  fruit,  and  so 
reduces  its  selling  value. 

TREATMENT   OF   LIME   TREES. 

During  the  past  year  experiments  performed  by  Mr.  M.  S.  Bur- 
bank,  of  Cocoanut  Grove,  Fla.,  at  the  Red  Mill  fruit  farm,  with  a 
view  to  protecting  lime  trees  from  the  attacks  of  this  fungus,  brought 
out  some  interesting  results.  One  tree  under  observation  had  been 
producing  limes  for  a  number  of  3'^ears  in  a  most  prolific  manner,  but 
during  the  three  years  preceding  1902  the  crop  had  been  a  total  fail-' 
ure,  owing  to  the  attacks  of  Colletotrichuvi  gloeosporixpides,  Spraj'ing 
with  Bordeaux  mixture  "  was  begun  in  September,  1902,  and  was  con- 
tinued at  intervals  as  thought  advisable,  and  in  less  than  a  year  tl:e 
disease  had  been  almost  entirel}^  subdued  and  the  tree  bore  a  heavy 
crop  of  fruit.  Other  trees  were  also  treated,  as  well  as  trees  in  other 
groves,  with  good  results. 

THE   EFFECT  OF  PRUNING. 

In  a  small  orchard,  or  in  the  case  of  an  isolated  tree,  especially  in  a 
young  orchard,  much  good  can  be  done  by  cutting  out  diseased  twigs 
and  picking  off  the  diseased  leaves.  Where  this  is  practiced  with 
thoroughness  the  disease  can  be  reduced  to  a  point  where  it  does  only 
a  small  amount  of  damage,  or  it  may  be  eradicated;  but  pruning  and 
picking  must  be  done  at  frequent  intervals  and  very  thoroughly. 
This  would  probabl}'  be  an  effective  method  of  keeping  the  fungus 
under  control  in  the  cavse  of  small  orange  and  pomelo  orchards. 

Where  pruning  is  practiced  the  weak  limbs  are  taken  out.  The 
spurs  that  have  dropped  their  leaves  are  also  cut  out,  and  in  this  way 
much  of  the  hold-over  wither-tip  is  removed.  All  wood  that  has 
withered  is  also  taken  away.  This  pruning  reduces  in  a  large  measure 
the  number  of  spores  left  in  the  grove  and  hence  greatly  diminishes 
the  extent  of  the  infection. 


«  Bordeaux  mixture  may  be  prepared  by  dissolvinjf  6  pounds  of  copper  sulphate 
(blue  stone)  in  25  gallons  of  water.  If  the  powdered  copper  sulphate  be  used,  it 
may  be  dissolved  in  an  hour  or  so  by  suspending  it  in  a  feed  sack  just  under  the 
surface  of  the  water.  In  another  vessel,  slake  4  or  6  ])ounds  of  lime  in  a  small  quan- 
tity of  water.  When  slaked,  dilute  to  25  gallons.  Strain  through  coarse  sacking 
into  a  50-gallon  barrel,  to  remove  all  the  matter  that  might  clog  the  nozzle  of  the 
spraying  machine.  Pour  the  copper-sulphate  solution  into  the  lime  solution,  stirring 
the  mixture  vigorously  during  the  process  and  for  two  or  three  minutes  afterwani 
During  the  stirring  the  paddle  should  be  made  to  go  back  and  forth.  Use  the  mix- 
ture at  once. 
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CULTIVATION  AND  FERTILIZATION. 

Thorough  cultivation  and  fertilization  are  among  the  effective  ways 
of  keeping  the  fungus  from  becoming  established  in  an  orchard.     A 
properly  cultivated  and  well-fertilized  tree  will  produce  new  growth 
so  rapidly  and  in  such  quantity  that  the  amount  of  wood  that  is  killed 
by  the  fungus  and  the  number  of  leaves  destroyed  will  form  only  a 
small  percentage  of  the  total  number  of  leaves  and  twigs  present. 
The  same  number  of  leaves  and  the  same  quantity  of  twigs  destroyed 
on  a  tree  of  only  indifferent  growth  would  form  a  much  larger  per- 
centage and,  consequently,  weaken  the  constitution  of  the  tree  to  such 
an  extent  that  it  would  actually  die  before  the  atmospheric  conditions 
would  become  adverse  to  the  disease.     Seedlings  and  nursery  trees  not 
carefully  attended  are  frequently  killed  in  this  manner.     (See  PI.  VI.) 
It  is  thus  possible  for  a  tree  that  has  been  properly  fertilized  and  culti- 
vated to  withstand  an  attack  that  would  prove  fatal  to  one  not  in  the  best 
physical  condition.     While  it  does  not  seem  possible  to  render  a  tree 
proof  against  attack  excepting  by  the  iLse  of  fungicides,  the  proba- 
bility of  infection  and  the  damage  to  the  tree  can  be  greatly  reduced 
by  putting  it  in  the  most  healthy  condition  possible. 

FERTILIZERS. 

In  choosing  fertilizers  to  aid  in  warding  off  these  diseases  a  large  per- 
centage of  potash  should  be  used  in  the  compound.  The  source  of 
potash  does  not  seem  to  be  important,  but  sulphate  of  potash  has 
proved  a  general  favorite  among  growers  of  citrous  fruits. 

Sulphate  of  anunonia  is  somewhat  slower  in  acting  than  nitrate  of 
soda,  but  gives  a  firmer  leaf.  Nitrate  of  soda  will  produce  a  very 
quick  growth  and  a  large  leaf,  but  it  is  especially  subject  to  attack 
from  the  fungus  unless  well  balanced  by  a  generous  supply  of  potash. 
Organic  ammonia  in  the  fomi  of  dried  blood,  cotton-seed  meal,  and 
bone  meal  should  not  be  used  in  combating  this  trouble,  as  it  is  very 
likely  to  produce  die-back  in  addition  to  the  softening  of  the  wood, 
and  so  lay  the  tree  doubly  open  to  attack. 

ST7MUABT. 

(1)  Wither-tip  was  not  known  to  exist  in  Florida  until  1886.  In  1891 
it  was  recorded  as  only  of  passing  interest,  but  it  is  now  present  in  every 
citrus-growing  region  of  the  State,  as  well  as  in  many  citrus-growing 
countries.  Such  is  the  severity  of  the  disease  that  many  requests  for 
advice  as  to  remedies  have  come  to  the  Department  of  Agriculture 
from  extensive  growers. 
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(2)  The  diseases  caused  by  the  fungus  CoUetotricKum  glxm^porioide^ 
Penz.  manifest  themselves  as  wither-tip  on  orange,  pomelo,  and  lemon 
twigs;  as  leaf -spot  on  leaves  of  various  citrous  species;  as  anthracnose 
on  lime  blossoms,  recentl}^  set  limes,  lime  twigs,  and  lemon  twi^s;  as 
lemon-spot  on  ripe  lemons,  and  as  canker  of  limes. 

(3)  On  the  orange  and  pomelo  the  fungus  causes  the  most  severe  dam- 
age by  defoliating  young  twigs  and  causing  these  to  die,  thus  reducing 
the  amount  of  wood  that  may  produce  bloom  in  the  bearing  trees  and 
cutting  back  seriously  the  growth  of  young  trees.  In  lemon  groves  the 
most  severe  damage  is  done  to  matured  fruit,  while  in  lime  grovea  the 
greatest  Ions  occurs  during  the  blooming  season,  the  disease  often 
causing  all  the  bloom  to  fall.  Trees  less  severely  attacked  often  have 
over  80  per  cent  of  the  fruit  cankered,  and  consequently'^  its  market 
value  is  much  reduced. 

(4)  Remedial  measures  are  effective,  but  these  must  be  varied  to  suit 
particular  manifestations  of  the  fungus.  Wither-tip  and  leaf -spot  are 
best  controlled  by  pruning  out  diseased  twigs  and  then  by  spraying 
with  Bordeaux  mixture.  The  spotting  of  lemon  may  be  controlled  by 
spraying  the  fruit  before  picking  with  ammoniac^l  solution  of  copper 
carbonate  and  with  sulphur  spray  while  in  the  coloring  bed  or  color- 
ing house.  Canker  of  limes  may  be  prevented  by  cutting  out  wither- 
tip  before  the  blooming  period  and  then  by  spraying  with  Bordeaux 
mixture. 
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DESCBIFTION  OF  PLATES. 

Plate  I.  Frontispiece.  Fig.  1. — Anthracnose  of  rapidly  growing  lime,  infected  at 
the  angle  of  a  leaf.  The  further  progress  of  the  disease  has  been  arrested  by  the 
formation  of  gum.  (Natural  size.)  Fig.  2. — Wither-tip  of  lime  twig,  infected 
at  terminal  bud,  the  fungus  continuing  to  grow  down  the  twig  to  the  larger 
branches. 

Plate  II.  Fig.  1.— Anthracnose  of  young  lime  fruits,  infection  occurring  in  the 
stigma.  The  disease  has  been  arrested  by  the  shedding  of  young  fruits  before 
the  fungus  had  extended  below  the  calyx,  the  calyx  continuing  to  remain  on  tht 
fruiting  branch.  ( Natural  size. )  Figs.  2,  3,  and  4  show  various  stages  of  develop- 
ment. Fig.  2. — A  newly  set  lime  infected  on  the  side.  ( Natural  size. )  Fig.  3.  — 
Further  development,  lime  infected  on  the  side.  (Natural  size.)  Fig.  4. — Lime 
several  weeks  old,  infected  on  the  side.  (Natural  size.)  Fig.  5. — Lemon-spot  *8 
it  appears  in  most  advanced  cases  coming  from  a  coloring  house  or  a  coloring 
bed,  usually  showing  only  one  point  of  infection.    (Natural  size.) 

Plate  III.  Fig.  1. — Lemon-spot  well  developed  but  without  spores.  (Natural  size. ) 
A  lemon  affected  with  this  disease  for  ten  days  or  perhaps  a  week  usually  arrives 
in  the  market  in  the  condition  illustrated.  Fig.  2. —Lemon-spot  with  spores 
fully  developed  under  a  bell  jar.     (Natural  size.) 

Plate  IV.  Limes  affected  with  cankers.  The  two  fruits  in  the  middle  at  the  left, 
with  small  cankers,  are  ripe,  while  the  other  limes  are  green.  The  upper  lime 
at  the  right  shows  attacks  in  three  places.     (Natural  size. ) 

Plate  V.  Fig.  1. — Leaf-spot  on  orange  leaf  infected  at  tip,  w^ith  the  disease  grad- 
ually extending  to  the  petiole.  Acervuli  have  formed  near  the  tip,  but  no 
acervuU  are  present  in  the  more  recent  extension  of  the  browned  area.  (Natural 
size.)  Fig.  2. — Wither-tip  on  an  orange  twig  infected  through  a  diseased  leaf. 
Three  tips  of  recent  growth  are  dead;  acervuli  have  formed;  the  earlier  growth 
is  still  green  but  infected.     (Natural  size.) 

Plate  VI.  Orange  seedling  4  years  old  repeatedly  killed  back  by  w^ither-tip,  mak- 
ing its  fourth  and  last  effort.  Last  growth  13  inches.  (Negative  by  L.  H. 
McCul  lough. ) 
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Umes  Affected  with  Cankers.    Natural  Size. 


SEEOLiNfl  Orange  Fouh  Years  Olo,  Repeatedly  Killed  Back  bv  Withea-t 


( 


Old  Date  Palms  at  Mermosillo,  Northern  Mi 


U.  S.  DEPARTMENT   Ol"    AGRICULTURE. 
BUREAU  or  PLAHT INDOSTRY— BIlLLBnN  HO.  53. 

B.  T.  OALLOWAV,  VhuJ -if  BUTOm, 


THE  DATE  PALM 


ITS  UTILIZATION  IN  THE  SOl'THWESTERN  STATES. 


WALTER  T.    SWINHLE, 
PiiYsioLo<:i«T  IN  Chahuk  of  I^ahokatory  of  Plant  Life  Histcikt. 


IwuEn  APKIL  2K,  1904. 


WASHINGTON: 

OOVKRNMENT    PRINTINU    OFFICE. 


BUREAU  OF  PLANT  INDUSTRY. 

B.  T.  Galloway,  Chief. 
J.  E.  KocKWBLL,  Editor, 

VEGETABLE  PATHOLOGICAL  AND  PHYSIOLOGICAL  INVESTIGATIONS. 

HCIBNTIKIC  STAFF. 

Albert  F.  WtK)D8,  PiUlvologisl  and  Physiologist. 

Erwin  F.  Smith,  Paihologisi  in  Charge  of  LaltoraJUiry  of  Plant  Pathology. 

George  T.  Moore,  Physiologist  in  Charge  of  Lahoratory  of  Plant  Physiology. 

Herbert  J.  Webber,  Physiologist  in  Charge  of  Lahoratory  of  Plant  Breeding. 

Walter  T.  Swingle,  Physiologist  in  Charge  of  jMboralory  of  Plant  Life  History. 

Newton  B.  Pierce,  Pathologist  in  Charge  of  Pacific  Coast  Laboratory. 

M.  B.  Waite,  Pathologist  in  Charge  of  Investigations  of  JHi^eases  of  (Orchard  Fruits. 

Mark  A.  Carleton,  Cereaiist  in  Charge  of  Cereal  Investigations. 

Hermann  von  Schrenk,<>  in  Charge  of  Mississijtpi  Valley  Ijahoratory. 

P.  H.  Rolfs,  Pathologist  in  Charge  of  Subtropical  IjahoraU»ry. 

C.  O.  Townsend,  PatJiologist  in  Charge  of  Sugar  Beet  Investigations. 

P.  H.  DoRSETT,  Pathologist. 

Rodney  H.  True,&  Physiologist. 

T.  H.  Kearney,  Physiologist^  Plam  Breeding. 

Cornelius  L.  Shear,  Pathologist. 

William  A.  Orton,  Pathologist. 

W.  M.  Scott,  Pathologist. 

Joseph  S.  Chamberlain,  Physiological  Cfiemistff  Cereal  Investigations. 

R.  H  B.  McKenney,  Physiologist. 

Flora  W.  Patterson,  Mycologist. 

Charles  P.  Hartley,  Assistant  in  Physiology y  Plant  Breeding. 

Karl  F.  Kellerman,  Assistant  in  Physiology. 

Deane  B.  Swingle,  Assistant  in  Pathology. 

A.  W.  Edson,  Scientific  Assistanty  Plant  Breeding. 

Jesse  B.  Norton,  Assistant  in  Physiology y  Plant  Breeding. 

James  B.  Rorer,  Assistant  in  Pathology. 

Lloyd  S.  Tenny,  Assistant  in  Pathology. 

George  G.  Hedgcock,  Assistant  in  Pathology. 

Perlby  Spaulding,  Scientific  Assistant. 

P.  J.  O'Gara,  Scientific  Assistant. 

A.  D.  Shamel,  Scientific  Assistant^  Plant  Breeding. 

T.  Ralph  Robinson,  Scientific  Assistanty  Plant  Physiology. 

Florence  Hedges,  Scientific  Assistanty  Bacteriology. 

Charles  J.  Brand,  Scientific  Assistant  in  Physiologyy  Plant  Life  History. 

a  Detailed  to  the  Bureau  of  Forestry. 

^Detailed  to  Botanical  Inyestigationfl  and  Experiments. 


LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washington^  D.  (7.,  Septeftiber  16^  1903. 

Sir:  I  have  the  honor  to  transmit  herewith  a  paper  entitled  ''The 
ate  Palm  and  its  Utilization  in  the  Southwestern  States,"  andrecom- 
end  that  it  be  published  as  Bulletin  No.  53  of  the  series  of  this 
ureau. 

This  paper  was  prepared  by  Mr.  Walter  T.  Swingle,  in  charge  of  the 
lant  life  history  work  in  the  Office  of  Vegetable  Pathological  and 
hysiological  Investigations,  and  was  submitted  by  the  Pathologist 
id  Phj^siologist  with  a  view  to  publication. 

This  Bulletin  is  the  first  of  a  series  of  life  history  studies  of  crop 
lants,  treating  the  crop  from  every  possible  standpoint  and  bringing 
^ether  all  useful  information  regarding  successful  cultivation.  The 
Dportance  of  such  thorough  study  and  complete  treatment  of  the  sub- 
mit will  be  at  once  apparent.  The  illustrations,  which  comprise 
pventy-two  full-page  plates  and  ten  text  figures,  are  considered  neces- 
iry  to  a  full  understanding  of  the  text. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  AgricuLt/wre. 
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The  following  bulletin  b}"  Mr.  Walter  T.  Swingle  on  the  date  palm 
embodies  the  results  of  an  investigation  of  the  climatic,  soil,  and  cul- 
tural needs  of  this  fruit  tree,  which  he  has  had  the  opportunity  to 
study  both  in  the  Sahara  Desert  and  in  our  own  Southwest. 

It  is  shown  that  no  heat  is  too  great  and  no  air  too  dry  for  this 
remarkable  plant,  which  is  actually  favored  hy  a  rainless  climate  and 
by  hot  desert  winds.  It  is  also  shown  that  the  date  palm  can  withstand 
great  quantities  of  alkali  in  the  soil — more  than  any  other  useful  plant. 
This  demonstration  is  of  special  interest  now  that  water  has  been 
brought  into  the  Salton  Basin,  or  Colorado  Desert,  in  southeastern 
California,  rendering  it  possible  to  irrigate  some  hundreds  of  square 
miles  of  very  rich  land  where  the  climate  is  probably  even  more 
favorable  for  the  culture  of  the  choicest  sorts  of  dates  than  in  the 
Sahara.  Recent  researches  of  the  Bureau  of  Soils  have  shown  that 
a  large  proportion — over  half — of  the  soils  in  the  irrigable  part  of  the 
Salton  Basin  is  too  alkaline  to  support  any  ordinary  .crop.  It  is  shown 
in  this  bulletin  that  the  date  palm  can  be  grown  without  difficulty  on 
four-fifths  of  the  irrigable  lands  of  this  basin,  and  that  on  fuJlj'  one- 
quarter  of  the  area  it  is  probabl}-  the  only  profitable  crop  plant  that 
can  succeed  permanently.  It  will  take  considerable  time,  however,  to 
bring  the  industr}'^  to  a  paying  basis. 

The  date  palm  will  be  of  prime  importance  in  many  other  irrigated 
desert  areas  in  the  Southwest,  where  the  alkalinity  of  the  soil  is  too 
great  to  permit  the  culture  of  other  crop  plants.  It  is,  moreover, 
confidently  believed  that  date  culture,  far  from  being  a  last  resort  for 
lands  unfit  for  an^^thing  else,  is  one  of  the  most  profitable  fruit  indus- 
tries, and  that  it  will  pay  to  plant  date  palms  on  the  best  lands  and  give 
them  the  most  careful  attention. 

The  conditions  for  the  proper  utilization  of  the  date  palm  in  this 

country  have  been  determined  by  means  of  a  very  careful  study  into 

its  life  history  requirements.      This  bulletin  will  show  clearly  the 

importance  of  life  history  investigations,  of  which  Mr.  Smngle  is  in 

charge.     Such  investigations  are  being  extended  to  other  important 

crop  plants. 
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THE  DATE  PALM  AND  ITS  UTILIZATION  IN  THE  SOUTH- 
WESTERN STATES. 


INTKODUGTION. 

The  purpose  of  this  bulletin  is  to  call  attention  to  the  peculiar 
suitability  of  the  date  palra  for  cultivation  in  the  hottest  and  most  arid 
regions  in  the  Southwestern  States  and  to  its  remarkable  ability 
to  withstand  large  amounts  of  alkali  in  the  soil.  The  most  intense 
heat,  the  most  excessive  dryness  of  the  air,  the  absence  of  all  rain- 
fall for  months  at  a  time  during  the  growing  season,  and  even  the 
hot,  dry  winds  that  blow  in  desert  regions  are  not  drawbacks,  bs  in 
almost  all  other  cultures,  but  positive  advantages  to  the  date  palm, 
enabling  it  to  mature  fruit  of  the  highest  excellence. 

The  growing  of  the  best  sorts  of  dates  where  the  climate  is  favora- 
ble promises  to  be  more  profitable  than  any  other  fruit  culture  pos- 
sible in  such  regions,  and  this  industry  would  long  ago  have  been 
carried  on  extensively  had  the  climatic  and  soil  requirements  of  this 
plant  been  better  known,  and  had  there  not  been  general  ignorance  as 
to  the  methods  of  propagation,  as  well  as  a  lack  of  the  best  sorts  to 
propagate. 

The  date  palm  has  the  unusual  power  of  resisting  large  amounts  of 
alkali,  the  most  dangerous  foe  to  agriculture  in  the  arid  regions,  both 
in  the  soil  and  in  the  irrigating  water.  This  will  permit  it  to  be  grown 
profitably  on  lands  so  salty  as  to  prevent  the  culture  of  any  other  pay- 
ing crop,  and  thereby  render  feasible  the  reclamation  of  hundreds  of 
square  miles  of  the  most  fertile  lands  in  the  Southwest  which,  at  great 
expense,  have  been  put  under  irrigation. 

ThanEs  to  the  hearty  cooperation  of  Prof.  Milton  Whitney,  Chief 
of  the  Bureau  of  Soils,  it  has  been  possible  to  investigate  thoroughly 
the  ability  of  the  date  palm  to  withstand  alkali  in  the  soil.  Samples 
of  soils  were  selected  by  the  writer  in  date  plantations  in  the  oases  in 
several  diflferent  regions  in  the  Sahara  Desert  (see  map,  PI.  11,  p.  76) 
with  especial  reference  to  a  determination  of  the  eflfect  of  alkali  on  the 
growth  and  f  ruitf  ulness  of  the  date  palm.  Analyses  of  these  soil  sam- 
ples, made  by  Mr.  Atherton  Seidell,  were  placed  at  the  disposition  of 

the  writer  by  Professor  Whitney,  and  have  rendered  it  possible  to 
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determine  with  some  degree  of  accuiucy  the  alkali  resistance  of  this 
remarkable  plant,  which  important  point  in  its  life  historj^  is  here 
considered  in  detail  for  the  first  time. 

One  of  the  principal  reasons  for  publishing  this  bulletin  is  the  com- 
pletion of  a  system  of  canals  which  will  irrigate  a  considerable  |K>rtion 
of  the  Salton  Basin,^  or  Colorado  Desert,  in  southeastern  California, 
from  the  Colorado  River,  some  60  miles  away.  Water  was  first 
brought  in,  after  great  expense  had  been  incurred  and  no  inconsider- 
able engineering  diflBculties  overcome,  in  June,  1891,  and  since  then 
the  development  of  the  new  country  has  been  very  rapid.  Befoi^e  the 
end  of  the  year  1891  some  125,000  acres  of  this  land  had  been  taken 
up.  This  desert  lies  mostly  below  sea  level  and  is  characterized  by 
having  the  hottest  and  driest  climate  known  in  North  America. 

As  soon  as  water  was  put  on  it  was  evident  that  some  of  the  land 
was  alkaline,  and  researches  made  by  the  Bureau  of  Soils  of  the 
Department  of  Agriculture*  have  shown  that  over  half  the  lands  now 
irrigable  are  too  salty  to  permit  the  culture  of  any  but  alkali-resistant 
plants.  Probably  one-fourth  of  these  lands  will  not  support  perma- 
nently any  other  profitable  crop  than  the  date  palm.  Now,  it  happens 
that  the  climate  of  this  desert  is  better  adapted  than  that  of  any  other 
region  in  North  America  for  the  culture  of  the  best  sorts  of  dates  and 
is  even  better  than  that  of  the  northern  part  of  the  Sahara  Desert, 
whence  are  exported  the  choicest  dates  that  now  reach  the  markets  of 
Europe  and  America.  The  advantages  of  this  region  over  any  others 
in  the  United  States  or  Mexico  for  the  growing  of  the  best  late  varie- 
ties of  dates,  such  as  the  Deglet  Noor,  are  so  great  as  to  give  it  almost 
a  natural  monopoly  of  the  production  of  these  dates,  the  most  expen- 
sive dried  fruit  on  our  markets. 


a  In  the  United  States  the  tenn  "  desert"  is  applied  only  to  unirrigated  or  unculti- 
vated arid  regions,  and  as  fast  as  such  areas  are  reclaimed  and  put  to  profitable  cul- 
ture by  means  of  irrigation  they  cease  to  be  called  deserts  and  receive  some  other 
name.     The  appellation  **  desert"  is  a  hindrance  to  real-estate  transactions  and  is 
felt  to  be  unjust  and  opprobrious  by  those  who  live  in  the  midst  of  flourishing  fruit 
on^hards  and  alfalfa  fields.     Doubtless  the  same  change  of  name  will  take  place  in 
cage  of  the  Colorado  Desert,  and  indeed  the  misleading  term  "Colorado  delta"  has 
already  been  applie<l  to  the  newly  irrigated  lands  about  Imperial  and  Calexico.    The 
true  delta  of  the  Colorado  River  lies  to  the  southward,  where  this  stream  enters 
the  Gulf  of  California.     The  region  in  question  might  very  appropriately  be  called 
the  Salton  Basin,  inasmuch  as  it  is  a  true  basin,  an  area  surrounded  on  all  sides  by 
mountains  or  higher  lands  and  depressed  far  below  sea  level  in  the  center,  where 
its  most  prominent  topographical  feature,  Salton  Lake  or  Salton  Sink,  is  located. 
Throughout  this  bulletin  Salton  Basin  is  used  instead  of  Colorado  Desert  to  design 
nate  the  lower  parts  of  the  lands  sloping  toward  Salton  Lake,  a  region  limited  on 
the  north  by  the  San  Bernardino  Mountains,  on  the  west  by  the  San  Jacinto  Moun- 
tains, and  extending  southward  into  Mexico  to  the  line  beyond  which  the  delta  lands 
slope  toward  the  Gulf  of  California. 

*  Means,  Thos.  H.,  and  Holmes,  J.  Garnett.    Soil  Survey  around  Imperial,  Cal. 
Circular  No.  9,  Bureau  of  Soils,  U.  S.  Dept.  of  Agriculture,  1901. 
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There  exists,  therefon%  an  unusuai  combination  of  circumstances,  in 
t.hat  the  opportunity  for  introducing  a  most  profitable  new  industry 
i  nto  this  region  coincides  with  the  pressing  needs  of  a  new  country 
for  some  crop  which  can  withstand  alkali. 

The  resistance  of  the  date  palm  to  alkali  is  so  much  greater  than  that 
of  other  crop  plants  that  it  will  be  indispensable  for  the  more  alkaline 
areas  through  the  Southwest  wherever  the  climate  is  hot  and  dry  enough 
to  permit  even  the  less  valuable  early  sorts  to  mature.  Already  date 
palms  are  being  planted  on  alkali  lands  in  the  Salt  River  Valley, 
Arizona,  and  as  a  result  of  the  demonstration  of  the  feasibility  of 
growing  them  the  price  of  such  land  has  more  than  quadrupled  within 
the  last  five  years.  Doubtless  within  a  decade  date  culture  will  be 
much  extended  in  Arizona,  and  it  probably  will  become  the  most 
important  fruit  industry  in  the  Salton  Basin  in  California. 

It  becomes  a  matter  of  great  importance  to  show  what  the  climatic 
reciuircments  of  the  date  palm  are  and  to  determine  how  much  alkali 
it  can  withstand,  as  well  as  to  indicate  how  date  palms  are  propagated 
and  how  their  culture  is  carried  on.  This  exjwsition  is  especially 
necessary  in  case  of  this  plant,  as  its  needs  as  to  climate  and  soil  are 
unlike  those  of  any  other  plant  commonly  grown,  and  the  methods 
followed  in  its  propagation  and  culture  are  widely  different  from  those 
employed  for  other  crop  plants. 

It  is  l)elieved  that  these  data,  here  presented  in  detail,^'  will  serve  to 
facilitate  the  establishment  and  the  extension  of  a  new  industry  in  this 
countrv. 

WHAT  IS  THE  DATE  PALMP 

The  date  palm  was  one  of  the  first  plants  to  be  cultivated,  and  has 
been  grown  for  at  least  four  thousand  years  along  the  Euphrates  and 
Tigris  riv^ers.  It  has  been  for  ages  and  is  still  the  most  important 
food  plant  of  the  great  deserts  of  the  Old  World,  and  many  regions  in 
Arabia  and  in  the  Saham  would  not  be  habitable  were  it  not  for  this 
tree.  Not  only  does  it  yield  a  delicious  fruit  of  great  food  value,  but  it 
also  furnishes  in  many  regions  the  only  timber  suitable  for  use  in  the 
construction  of  houses  and  for  making  a  thousand  and  one  necessarj'^ 
objects.  Its  leaves  furnish  a  partial  shade,  under  which  it  is  possible 
to  cultivate  other  fruit  trees  which  could  not  exist  were  they  exposed' 
to  the  direct  rays  of  the  sun  and  the  burning  winds  in  the  desert; 
thousands  of  fig,  almond,  pomegranate,  and  peach  trees  and  grape- 
vines, forming  veritable  orchards,  are  cultivated  in  the  palm- cove  red 
oases,  especially  in  the  northern  Sahara.  For  centuries  the  transporta- 
tion of  dates  has  been  the  chief  motive  for  the  formation  of  the  great 

«Many  of  the  facts  here  presented  were  summarized  by  the  writer  in  a  previous 
article,  entitled  "The  date  pahn  and  its  culture,"  Yearbook  of  the  Department  of 
Agriculture,  1900,  pp.  453-490;  also  reprinted. 
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caravan  routes  which  run  in  every  direction  through  the  deserts  in 
Africa  and  Arabia.  The  exportation  of  dates  to  Europe  and  to  America 
is  an  important  industry  both  in  North  Africa  and  in  the  countries 
bordering  the  Persian  Gulf. 

The  value  of  the  dates  imported  into  the  United  States  alone 
averaged  for  the  ten  years  ended  June  30,  1900,  $402,762  per  annum, 
as  appraised  at  the  exporting  point,  but  the  real  value  when  received 
at  the  American  port  was  doubtless  50  per  cent  greater,  or  $600,000  a 
year.  This  value  is  now  exceeded  only  by  the  imports  of  two  oth^r 
dried  fruits — Zante  currants,  $916,908  in  1900,  and  Smyrna  figs, 
$513,895,  in  1900.  Inasmuch  as  California  has  been  producing'  large 
quantities  of  second-class  dried  figs  for  some  years,  and  since  1900 
also  Smyrna  figs  of  the  best  quality,^  it  is  likely  that  in  the  near 
future  the  value  of  the  imports  of  figs  will  fall  below  that  of  dates, 
which  will  then  rank  second  in  value  among  imports  of  dried  fruits. 

The  date  palm,  as  its  name  indicates,  belongs  to  the  great  family  of 
palms.  Like  the  majority  of  its  relatives,  it  has  but  a  single  bud  at 
the  top  of  the  trunk,  and  if  this  bud  be  destroyed  the  tree  usually 
dies.  The  date  palm,  however,  unlike  the  cocoanut  palm  and  unlike 
the  majority  of  palms,  produces  offshoots,  or  "suckers,"  at  the  base 
of  the  stem  (see  PL  XVII,  fig.  2,  and  Yearbook,  1900,  PL  LIX,  fig. 
4),*  at  least  during  the  first  decade  of  its  existence.  Old  date  palms 
which  are  in  full  bearing  do  not  produce  such  offshoots,  and  if  the 
terminal  bud  be  destroyed  the  whole  plant  will  die,  since  offshoots 
are  very  seldom,  if  ever,  produced  at  the  top  of  the  trunk.  The  date 
palm,  like  most  other  members  of  this  family,  has  a  trunk  which 
remains  of  the  same  diameter,  no  matter  how  old  it  may  be,  there 

«Thi8  gratifying  result  was  brought  about  by  the  introduction  of  the  fig  insect 
(Blastophaga),  which  the  writer  accomplished  in  the  spring  of  1899  by  sending  from 
Algeria  the  winter  galls  of  the  male  fig  tree  containing  these  insects.  The  Blastophaga 
fertilizes  the  flowers  of  the  Smyrna  type  of  figs,  which,  unlike  ordinary  figs,  do  not 
set  fruit  unless  pollinated.  The  large  orchard  of  Smyrna  figs  at  Fresno,  Cal.,  belong- 
ing to  Mr.  George  C.  Roeding,  which  had  produced  but  a  few  dozen  figs  pollinated  by 
hand  during  the  twenty  years  it  had  been  planted,  began  to  yield  abundant  crops  as 
a  result  of  the  introduction  of  this  beneficent  insect,  and  in  1901  produced  some 
70  tons  of  dried  figs.  The  success  of  this  orchard  has  led  to  a  renewed  interest  in 
fig  culture,  and  several  other  large  plantations  have  been  set  out  near  Fresno,  while 
many  orchards  of  inferior  varieties  are  being  grafted  to  the  Smyrna  fig. 

6  Throughout  this  bulletin  references  have  been  made  to  plates  published  by  the 
writer  in  his  paper,  "The  date  palm  and  its  culture,"  in  the  Yearbook  of  the 
Department  of  Agriculture  for  1900,  pp.  463-490,  Pis.  LIV-LXII.  This  publication 
IB  accessible  in  all  libraries,  and  it  has  been  arranged  to  send  a  reprint  of  the  paper 
with  the  present  bulletin  to  all  applicants  in  the  Southwest  who  live  in  r^ons  where 
date  culture  is  feasible.  This  will  render  it  possible  for  all  interested  to  refer  to  the 
plates  in  this  previous  paper.  In  order  to  shorten  the  references  to  these  plates 
they  are  cited  as  "Yearbook,  1900,"  with  the  number  of  the  plate.  Inasmuch  as  the 
plates  of  this  Yearbook  article  were  numbered  from  LIV  to  LXII  and  those  of  the 
present  bulletin  are  numbered  from  I  to  XXU,  confusion  is  impossible. 
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^oing  no  secondary  increase  in  diameter  with  increasing  age  such  as 
KM3ars  in  ordinary  fruit  and  forest  trees.  In  consequence,  the  age  of 
b  palm  tree  can  be  roughly  estimated  from  its  height,  but  never  from 
,lie  diameter,  nor,  as  is  customary  among  woodsmen,  by  counting  the 
-ixigs  of  annual  growth,  for  the  simple  reason  that  the  date  palm  has 
ao  such  rings. 

The  leaves  of  the  date  palm  (frontispiece  and  fig.  1,  p.  16)  are 
feather  shaped  and  very  large,  frequently  from  12  to  18  feet  long. 
The  ancient  Egyptians  had  a  tradition,  held  also  by  some  tribes  of 
onodern  Arabs,  that  the  date  palm  produces  twelve  leaves  in  a  year. 
It  is  an  interesting  fact  that  the  Egyptian  hieroglyphic  which  signified 
A  month  represented  a  single  leaf  of  the  date  palm,  and  the  sign  for  a 
year  pictured  a  crown  of  leaves  of  the  date  palm.^  Of  course,  there  is 
no  such  fixed  interval  of  time  between  the  unfolding  of  successive 
leaves,  but  it  is  true  that  the  date  palm  usually  produces  from  twelve 
to  twenty  leaves  in  a  year. 

These  leaves  remain  alive  and  green  for  several  years,  but  finally 
lose  their  color  and  bend  downward  toward  the  trunk.    (See  the  lower 
leaves  on  the  tall  palm  in  PI.  XIX,  fig.  2.)     Travelers  who  have 
Been  date  palms  growing  remote  from  human  habitations  in  the  Sahara 
Desert  report  that  in  such  situations  the  old  leaves  remain  attached  to 
the  trunk  permanently,  the  palm  being  crowned  with  living  green 
leaves  and  the  trunk  clothed  to  the  ground  by  the  reflexed  dead  leaves. 
Furthermore,  in  such  conditions,  where  the  date  palm  is  left  to  grow 
uncontrolled  by  man,  the  oflfshoots  produced  by  the  young  palms  grow 
unhindered  and  often  rival  in  size  the  parent  trunk,  and  they  in  turn 
give  rise  to  other  oflfshoots,  even  after  the  parent  stem  has  passed 
the  age  when  it  would  produce  oflfshoots.     The  result  of  this  is  that 
instead  of  a  single  palm  tree,  the  traveler  sees  a  great  thicket  com- 
posed of  a  few  tall  trunks  (the  original  palm  and  the  oldest  oflfshoots), 
surrounded  at  the  base  by  a  tangled  mass  of  younger  oflfshoots,  strug- 
gling upward  and  outward.     Such  a  clump  is  shown  in  Yearbook,  1900 
(PL  LIX,  fig.  4).     All  of  these  trunks  retain  their  dead  leaves  per- 
manently, so  that  such  a  clump  of  palm  shoots  is  well  nigh  impen- 
etrable.    To  those  who  have  traveled  in  countries  where  the  date 
palm  is  the  commonest  cultivated  tree,  the  description  given  above 
will  seem  very  strange.     In  all  such  countries  the  date  palm  is  well 
cared  for  and  the  dead  leaves  removed,  leaving  a  clean  trunk,  crowned 
with  a  tuft  of  living  leaves.     (See  frontispiece  and  Yearbook,  1900, 
PL  LX.)    Besides  this,  the  Arab  cultivators  are  careful  to  remove  the 
oflfshoots  as  soon  as  they  are  large  enough  to  plant,  or  to  destroy  them 
when  young  in  case  they  do  not  desire  to  propagate  the  variety.     Such 

A  Fischer,  Th.     Die  Datteipalme,  Ergilnzungsheft  No.  64.    In  Petermann'e  Mit- 
theilnngeii.    Gothai  1881,  p.  4. 
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offishoots,  ready  to  remove,  are  shown  on  Plate  XVII,  figure 
offshoots  removed  and  ready  to  transplant  on  Plate  VI,  figure  5 

Unlike  niOfjt  fruit  trees,  the  dat«  palm  ha^  the  male  and  the  fenal 
flower  on  separate  individuals.  If  grown  from  seed,  about  half  of  tb 
resulting  jmlcis  are  male  and  about  half  female.  If  tsiich  tree! 
allowed  to  grow  to  itiaturity  in  this  proportion  enough  pollen  is  bio 
by  the  wind  to  fertilize  all  the  flowers  properly.  It  would  be,  b< 
ever,  a  very  expensive  method  of  culture  to  irrigate  and  t:ultivatc  si 
a  large  proportion  of  male  trees.     The  Arabs— and  before 


ul  BlKkn,  Algeria,  beloir  ft   floirer  cliuter  Just  oproW 
li-  larger  Hltll  bouml  Bbout  with  thecotd  lued  Utattsch  Oienul* 
(AfLcr  iii^ative  by  the  writer.) 

AsayriauH— learned  to  pollinate  the  palm  artificially,  and  from  a  ansU 
proportion  of  male  trees  (o  fertilize  the  flowers  of  a  very  great  niunber 
of  female  trees.  At  the  present  time  the  proportion  followed  in  com- 
mercial planting  is  that  of  about  one  male  tree  to  a  hundred  femsfe 
trees. 

The  date  palm  blooms  in  the  early  spring,  producing  from  six  to 
twenty  flower  chistei-s,  according  to  the  age  and  vigor  of  the  tree  (see 
tig.  1),     Each  flower  clust«r  on  the  female  tree  produces  a  bunch  ol 


DATE  CULTUTE  BY  THE  ANCIENTS.  17 

clstt^es,  consisting  of  numerous  fruits,  borne  on  slender  twigs,  which 
"branch  from  a  main  stalk  (PI.  XXII  and  Yearbook,  1900,  PL  LX). 
Such  a  bunch  may  bear  from  10  to  40  pounds  of  dates,  and  a  vigorous 
tree  is  commonly  allowed  to  produce  from  eight  to  twelve  such  bunches. 
The  date  itself  is,  of  course,  familiar  to  everyone;  it  is  an  oval  fruit 
from  1  to  3  inches  long,  and  one-half  or  one-third  as  wide,  containing 
a.  ssingle  seed  surrounded  by  a  half  dry  and  very  sweet  pulp,  usually 
stmber  colored.  There  are  very  many  varieties  of  dates,  differing 
^'Bvidely  as  to  character  and  quality,  as  will  be  explained  more  in  detail 
farther  on. 

DATE  GXTIjTTTIIE  BT  THE  ANCIENTS. 

The  date  palm  is  one  of  the  oldest  cultivated  plants.     It  is  fully 
described  on  the  clay  tabletiS  of  the  ancient  Assyrians.    It  was  undoubt- 
ecll}^  one  of  their  most  important  food  plants,  and  every  detail  of  its 
culture,  the  operation  of  pollinating  the  flowers,  and  even  the  serving 
of  the  fruit  at  the  tables  of  the  wealthy  were  delineated  with  great 
accuracy  on  their  monuments  and  wall  sculptures.     It  is  probable  that 
the   date  palm   was  first  extensively  grown  in   the  valleys  of  the 
Euphrates  and  Tigris  rivers.     It  was  apparently  little  known  and  but 
slightly  esteemed  in  ancient  Egypt  before  3000  B.  C,  although  as 
earW  as  2000  B.  C.  it  had  already  become  a  well-known  fruit  tree. 
Not  much  is  known  as  to  the  origin  of  the  date  palm,  although  every- 
thing points  to  its  being  native  in  some  of  the  ravines  bordering  the 
deserts  of  northern  Africa  or  Arabia.     It  is  probable  that  it  was  first 
cultivated  by  the  Assyrians,  afterwards  by  the  Egyptians,  and  that 
very  early  its  culture  became  almost  a  national   industry  with  the 
Arabs.     It  is  true  that  the  date  palm  existed  in  ancient  Africa  before 
the  arrival  of  the  Arabs.    It  was,  however,  comparatively  unimportant, 
at  least  in  the  western  Sahara,  and  the  varieties  were  probably  infe- 
rior.    When  the  Arabs  invaded  the  western  Sahara  and  the  Barbary 
States  during  the  seventh  century,  and  at  various  intervals  until  the 
twelfth  century,  they  introduced  the  use  of  the  camel  and  thereby 
rendered  it  possible  for  the  inhabitants  of  the  oases  to  satisfy  all  their 
wants,  simply  by  growing  an  abundance  of  dates,  since  the  camels 
could  carry  the  dates  to  the  more  fertile  regions  bordering  the  Medi- 
terranean, where  they  could  be  exchanged  for  the  wheat  and  barley 
needed  in  the  Sahara  for  making  bread.     In  consequence  of  this  eco- 
nomic revolution,  the  culture  of  the  date  palm  speedilj^  became,  and  is 
still,  the  most  important  interest  throughout  the  Sahara  Desert. 

The  Moors  undoubtedly  introduced  the  date  palm  into  Spain,  where, 
in  spite  of  the  unfavorable  climate,  it  was  extensively  planted  during 
the  Saracen  domination.  The  first  date  palms  in  the  New  World  were 
grown  from  seeds  carried  from  Spain  by  the  missionaries  who  accom- 
panied the  Spaniards  on  their  voyages  of  discovery  and  conquest. 

13529— No.  53—04 2 
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PBOPAGATION  OF  THB  DATE  PALK. 

SEEDLING  PALMS. 

Date  palms  may  be  grown  from  seed  and  are  generally  so  grown  in 
Mexico  and  in  India,  but  if  so  propagated  something  over  half  the 
palms  are  males,  which  produce  no  fruit  whatever,  while  of  the  remain- 
ing female  plants  probably,  on  the  average,  not  more  than  one  in  ten 
produces  good  fruit.  This  would  mean  that  in  planting  100  seeds, 
on  the  average  only  f ojir  or  five  palms  bearing  good  dates  would  be 
secured  and  probably  as  many  more  of  second  quality,  or  in  all  some 
10  per  cent  of  the  number  planted  would  yield  edible  fruit.  It  should 
be.  said  that  in  Arizona,  and  even  in  Mexico,  very  many  of  the  seed- 
ling sorts  do  not  reach  maturity  because  of  the  insufficient  summer 
heat;  but  if  grown  in  the  Salton  Basin,  where  all  the  sorts  could 
mature,  a  larger  proportion,  possibly  15  per  cent,  would  produce  fruit 
that  could  be  used. 

SEEDLING   DATE  PALMS  FOR  THB  SALTON   BASIN. 

In  view  of  the  scarcity  of  offshoots  of  the  best  varieties  and  the  press- 
ing need  for  date  palms  for  many  parts  of  the  Salton  Basin,  it  would 
be  well  worth  while  to  plant  orchards  of  seedlings,  and  when  the^'^  are 
in  bearing  the  worthless  sorts  could  be  cut  out  and  their  places  gradu- 
ally filled  by  taking  offshoots  from  the  seedlings  yielding  good  fruit. 
It  would  be  possible  to  begin  thinning  out  the  excess  of  males  as 
soon  as  the  flowers  begin  to  show,  some  four  to  six  years  after  plant- 
ing. The  trees  could  be  planted,  say,  12i  feet  apart,  in  rows  25  feet 
apart,  giving  about  twice  the  number  that  should  be  left,  because 
nearly  half  the  total  number  will  prove  to  be  males,  to  b^  cut  away  as 
soon  as  recognized.  B}'  the  sixth  or  seventh  year  after  planting  the 
quality  of  the  fruit  produced  by  the  female  plants  could  be  judged  and 
the  plants  producing  the  poorest  dates  could  be  removed  and  replaced 
by  offshoots  from  the  best  seedlings,  which  should,  of  cx>urse,  be  planted 
where  the  rows  show  the  largest  gaps,  resulting  from  the  removal  of 
superfluous  males  and  worthless  females.  In  the  course  of  a  few  j'^ears 
it  would  be  possible  to  remove  all  the  less  valuable  seedlings  and 
replace  them  with  the  better  sorts.  This  process  could  go  on  indefi- 
nitely by  continually  replacing  poorer  sorts  with  better  as  fast  as  off- 
shoots were  available,  until  only  two  or  three  of  the  best  sorts  remained. 
No  outlay  would  be  entailed  for  offshoots,  and  if  considerable  numbers 
of  seedlings  were  grown  from  the  best  dates  there  certainly  would  be 
some  sorts  of  value  among  them. 

If  any  attempt  be  made  to  start  seedling  date  orchards  in  the  Salton 
Basin  it  should  be  borne  in  mind  that  the  young  seedling  can  not  with- 
stand nearly  as  much  alkali  as  can  offshoots  or  old  palms.  Prof.  R.  H. 
Forbes''  finds  that  many  of  the  young  plants  grown  from  seeds  which 

fl  Oral  communication  to  th^  writer,  1902, 
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had  been  planted  at  the  Cooperative  Date  Garden  at  Tempe,  Ariz.,  were 
killed  by  alkali  shortly  after  they  appeared,  while  the  offshoots  grow- 
ing near  by  were  unharmed.     In  case  alkaline  areas  are  to  be  planted 
it  ^would  be  best  to  establish  a  nursery  on  alkali-free  land  and  trans- 
plant the  seedlings  when  they  are  1  or  2  years  old,  or,  if  the  soil  is  very 
alkaline,  when  3  or  4  years  old,  to  the  positions  they  are  to  occupy 
permanently.     Where  the  palms  are  to  be  planted  on  the  very  worst 
alkaline  lands  it  would  be  well  to  allow  the  young  date  palms  to  flower 
in   the  nursery  rows,  so  that  the  males  could  be  discarded  and  only 
females  set  out,  with  the  precautions  for  washing  out  the  alkali  men- 
tioned below,  thus  avoiding  the  expense  and  trouble  of  caring  for  the 
\¥orthless  male  plants.     It  is  easy  to  distinguish  the  male  from  the 
female  plants  by  an  inspection  of  the  flowers,  which,  as  is  shown  in 
Plate  VII,  figure  3,  are  very  different  in  the  two  sexes.     In  transplant- 
ing young  seedlings  the  leaves  should  be  cut  hvLck  severely  to  corre- 
spond with  the  cutting  back  suffered  by  the  root  system. 

It  is  interesting  to  note  in  this  connection  that  the  date  palm  requires 
for  its  germination  not  only  fresh  water,  free  from  any  considerable 
amount  of  dissolved  alkali,  but  also  a  large  and  continuous  supply  of 
such  water.  The  young  seedling  shows  curiously  enough  a  whole  set 
of  peculiarities  of  structure  which  enable  it  to  throw  off  an  excess  of 
moisture.  Fritsch,  an  Austrian  botanist,  concluded  that  the  seed  was 
adapted  for  germination  during  the  rainy  season,  and  that  it  was 
meant  to  grow  in  earth  thoroughly  saturated  with  water.*  Not  only 
are  the  roots  devoid  of  hairs,  resembling  in  this  peculiarity  those  of 
plants  which  grow  in  swamps  and  in  water,  but  they  have  numerous 
aerating  canals,  and  in  other  waj's  show  adaptation  for  growth  in  very 
moist  situations.  There  are  even  pores  at  the  tops  of  the  leaves  by 
which  the  little  seedlings  can  get  rid  of  superfluous  moisture  whi<;h 
has  been  absorbed  by  the  roots. 

Seedling  dates  are  nearly  always  found  along  irrigating  canals  or  in 
situations  where  the  earth  is  kept  constantly  moist.  These  are  strong 
indications  of  the  natural  habitat  of  the  date  palm,  which  should  be 
expected  to  grow  where  the  earth  is  very  moist,  at  least  during  the 
rainy  season.  It  is  practically  impossible  for  date  seedlings  to  start 
in  unirrigated  arid  situations,  even  where  cacti  and  other  desert  plants 
grow  abundantly. 

As  is  clear  from  what  has  been  said,  the  date  does  not  reproduce  true 
to  type  from  seed.  This  may  be  in  part  because  no  attention  has  been 
paid  to  the  pedigree  of  the  male  plants  used  to  furnish  pollen,  so  that 
even  the  choicest  dates  may  have  been  pollinated  from  males  of  the 
most  worthless  character.  If  it  should  be  found  desirable  to  plant 
seedling  orchards  it  would  be  well  to  arrange  to  have  Deglet  Noor 

«Fritar,h,  G.  AnatomiBch-physiolo^dsche  Untersuchungen  iiber  die  Keimung  der 
Battelpolme,  in  Sitzungsb.  d.  k.  Akad.  d.  Wiss.     Wien,  Bd.  93,  Abth.  I,  April,  1886. 
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dates  pollinated  from  a  number  of  trees  in  the  hope  that  some  of  these 
males  would  produce  seedlings  of  a  superior  type.  If  possible  males 
known  to  be  seedlings  of  the  Deglet  Noor  or  of  some  other  superior 
sort  should  be  employed  in  such  pollination.  It  is  worthy  of  note 
that  the  male  dates  in  California,  and  especially  those  in  the  Salt  River 
Valley,  Arizona,  are  for  the  most  part  the  offspring  of  fairly  good  soft 
dates,  probably  from  the  Persian  Gulf  region,  purchased  in  the  markets. 
So  Arizona  and  California  dates  would  be  well  worth  planting,  since 
both  parents  of  the  seeds  in  such  dates  are  the  offspring  of  soft  dates, 
whereas  in  most  regions  where  the  date  palm  is  grown  the  males  are 
likely  to  be  the  product  of  dry  dates  (for  most  of  the  dates  in  those 
countries  are  of  the  dry  type)  dropped  by  chance  in  a  wet  spot  where 
they  could  grow. 

The  seedlings  of  a  single  sort  of  date  may  present  the  most  remark- 
able variations,  and  usually  the  parent  type  is  not  exactly  reproduced 
by  any  of  the  offspring.  This  is  clearly  shown  by  the  experiments  of 
Col.  Sam  Taylor,  of  Winters,  Cal.,  who  tried  to  propagate  from  seed 
the  valuable  early  ripening  Wolf  skill  date  growing  on  his  place.  This 
was  done  because  this  palm  had  ceased  to  produce  offshoots  before  its 
value  was  recognized.  Many  of  these  seedling  dates  have  fruited,  but 
none  resembles  in  the  slightest  degree  the  parent  variety;  most  of  them 
are  much  later  and  consequently  fail  to  mature  at  Winters,  where  the 
summer  heat  is  insufficient  to  ripen  any  but  the  earliest  sorts. 

PROPAGATION  OF  THE  DATE  PALM  BY  OFFSHOOTS. 

Tn  all  regions  where  its  culture  is  an  important  industry  the  date 
palm  is  almost  invariably  propagated  by  removing  and  planting  the 
offshoots  or  suckers  which  spring  up  around  the  base  of  the  trunk  (PI. 
XVII,  fig.  2,  and  Yearbook,  1900,  PI.  LIX,  fig.  4).  These  offshoots 
reproduce  the  parent  variety  exactly  and  have  the  great  advantage  of 
coming  into  bearing  sooner  than  seedlings.  Offshoots  are  produced 
abundantly  by  young  date  palms,  but  cease  to  form  when  the  trees 
reach  the  age  of  10  to  15  years.  Usually  three  or  four  are  left 
attached  to  the  parent  plant,  any  in  excess  of  this  number  being  cut 
away  as  fast  as  they  form.  One  offshoot  can  be  removed  every  year 
until  they  cease  to  be  produced.  Thej^  are  cut  away  from  the  parent 
trunk  when  they  are  from  3  to  6  years  old,  after  they  have  begun  to 
develop  roots,  if  as  usual  they  start  from  below  the  surface  of  the 
ground  and  have  their  bases  covered  with  earth.  The  leaves  are  all 
cut  away,  leaving  only  the  bud  in  the  center  protected  by  the  leaf- 
stalks (PI.  VI,  fig.  3).  No  roots  are  left  attached  to  the  offshoot, 
which,  when  so  reduced  to  a  mere  stump,  can  stand  much  exposure. 
Some  offshoots  procured  by  the  writer  on  May  18  and  19,  1900,  at 
Ourlana,  Algeria,  in  the  Sahara  Desert,  were  shipped  by  camel-back 
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(Fl,  VI,  fig.  2)  to  Biskra,  95  miles  away,  and  from  there  to  Algiers, 
some  390  miles  by  rail,  with  no  packing  except  a  little  palm  fiber 
a.l)out  the  bases.  One  box  of  these  offshoots  was  packed  in  straw 
^^^ith  no  moisture  whatever  except  from  having  been  wet  twice,  once 
at  Biskra  and  once  at  Algiers.  So  packed  they  were  sent  to  New 
York  by  steamer,  arriving  July  B,  then  transshipped  to  New  Orleans 
and  finally  carried  by  rail  from  New  Orleans  to  Tempe,  Ariz.,  where 
tbey  arrived  July  17.  They  were  unpacked  July  20,  two  months  after 
they  had  been  dug  up.  Prof.  R.  H.  Forbes,  under  whose  personal 
supervision  the  palms  were  planted  and  cared  for,  reports  that  the 
box  of  offshoots  which  had  no  packing  other  than  the  loose  dry  straw 
eame  through  as  well  as  those  packed  in  damp  moss  or  in  charcoal. 
Some  80  per  cent  of  these  suckers  lived. ^ 

It  is  very  important  that  the  offshoot  be  planted  out  high  enough  so 
that  the  growing  bud  in  the  center  is  never  in  danger  of  being  covered 
with  water  when  irrigated.     (See  fig.  6,  p.  42.) 

In  order  to  force  the  offshoots  to  take  root  and  grow,  the  chief  requi- 
site is  that  the  ground  be  kept  constantly  wet  about  their  bases.  If 
the  young  plants  dry  out  once  they  are  lost,  for  the  delicate  new  roots 
that  are  just  forming  will  be  killed.  The  Arabs  water  the  offshoots 
every  day  for  the  first  forty  days  after  planting  and  then  twice  a 
week  until  winter,  after  which  they  are  watered. as  often  as  may  be 
necessary  to  keep  the  ground  thoroughh'^  moist. 

Another  requisite  almost  as  important  as  the  keeping  of  the  base  of 
the  plant  moist  while  roots  are  starting  is  that  the  ground  be  warm 
when  the  offshoots  are  transplanted.  It  is  useless  to  set  out  offshoots 
in  autumn  or  winter;  the  best  season  is  late  in  spring  or  early  in 
summer,  when  the  ground  is  thoroughly  warm  and  when  there  is  a 
long  hot  season  after  planting,  permitting  the  young  palms  to  become 
well  established  before  winter.  It  is  not  necessary  to  shade  the  3^oung 
offshoots,  but  they  should  be  protected  against  cold  during  the  first 
winter  after  l>eing  set  out,  by  wrapping  with  burlap,  heavy  paper,  or 
straw. 

Professor  Forbes  finds  (see  p.  19)  that  young  seedlings  are  often 
killed  by  alkali  where  offshoots  and  old  palms  grow  all  right.  Strong 
alkali  is  probably  injurious  also  to  offshoots  just  striking  root, 
and  the  following  method  of  preventing  the  rise  of  alkiCli,  communi- 
cated b}'  Professor  Forbes,  may  l)e  advantageously  followed  in  all 
ca.ses  where  there  is  danger  to  be  apprehended  from  this  source: 
Throw  up  a  high  border  on  each  side  of  the  rows,  running  in  both 
directions,  thus  creating  a  square  inclosed  space  about  each  palm. 
This  space,  may  be  floo<led  from  the  irrigating  canals  with  fresh  water, 
which  carries  away  the  salts  accumulated  near  the  surface  down  to 

a  Forbes,  R.  II.     Twelftli  Annual  Report,  Arizona  Exiwrinient  Station,  p.  317. 
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lower  level  bej'ond  the  reach  of  the  young  roots.  The  area  about  the 
offshoot  inclosed  by  the  borders  should  then  be  covered  with  straw  to 
a  depth  of  a  foot.  This  mulch  will  hinder  evaporation  and  thereby 
restrict  the  rise  of  alkali,  since  each  application  of  water  washes  the 
alkali  down  anew  and  the  mulch  continues  to  act  as  a  check  on  evapo- 
ration. Such  a  method  of  planting  should  be  adopted  in  those  parts 
of  the  Salton  Basin  where  there  is  danger  of  a  rise  of  alkali  from  the 
subsoil. 

DISTANCES  BETWEEN  TBEES. 

The  Arabs  almost  invariably  plant  the  date  palm  without  any  attempt 
at  placing  the  young  offshoots  in  definite  order.  The  result  is,  it  is 
almost  impossible  for  them  to  be  sure  of  planting  the  trees  at  any  con- 
stant distance  from  each  other,  some  being  close  together,  others  wide 
apart,  as  can  be  seen  in  Plates  XII  and  XIII. 

The  unsystematic  and  frequently  careless  methods  employed  by  the 
Arabs  in  the  culture  of  the  date  palm  can  not  be  taken  as  models  to  be 
followed  in  introducing  the  date  industry  into  the  Southwest;  we  should 
rather  follow  the  example  of  the  French  colonists  in  the  Sahara,  who 
plant  the  date  palm  in  regular  rows  (see  PI.  XVII,  fig.  1),  and  have^ 
as  a  rule,  definitely  planned  and  carefully  executed  systems  of  irriga- 
tion and  drainage.  Although  the  Arabs  plant  the  date  palms  very 
close  together,  the  French  have  found  it  advisable  to  place  the  ti-ees 
wide  apart,  and  many  of  the  French  colonists  regret  having  placed 
the  trees  only  20  or  22  feet  apart,  their  opinion  now  being  that  date 
palms  should  be  planted  from  26  to  33  feet  from  each  other. 

Ben  Chabat,  an  Arab,  who  is  considered  an  authority  on  date  cul- 
ture, makes  two  date  palms  speak  together;  one  says  to  the  other, 
"Take  thy  shadow  away  from  mine  and  I  will  produce  alone  for  us  two 
together"" — expressing  the  idea  that  too  close  planting  is  dangerous. 
At  26  feet  apart,  which  may  be  taken  as  an  average  distance,  about  60 
palms  would  be  planted  on  an  acre.  If  the  palms  are  put  30  feet  or 
more  apart  other  crops  can  be  grown  between  the  trees  even  when  old. 

The  amount  of  irrigation  water  available  during  the  hot  season  and 
the  value  of  land  are  factors  which  must  be  considered  in  deciding 
at  what  distance  the  offshoots  should  be  planted.  In  general  the  far- 
ther apart  the  palms  are,  the  more  heat  and  light  each  receives,  and 
the  better  and  the  more  abundant  is  their  fruit. 

Even  when  planted  26  feet  apart  or  less  there  are,  of  course,  large 
strips  which  lie  unused  between  the  palm  trees  for  the  first  ten  or 
twelve  years  after  planting.  It  has  become  a  common  practice  in  the 
Algerian  Sahara,  copying  to  some  extent  after  the  Arabs,  to  plant 
garden  or  field  crops  between  the  trees  until  the  palm  trees  become 
large  enough  to  shade  the  ground.     In  case  the  soil  is  alkaline,  it  is 

oMasselot,  F.    Bui.  Direction  Agric.  et  Comm.,  Tunis,  vol.  6  (1891J,  No.  19,  pj^ 
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frequently  impossible  to  grow  any  crop  until  two  or  three  years  of 
Skbundant  irrigation,  coupled  with  a  good  system  of  drainage,  have 
"trashed  the  alkali  out  of  at  least  the  top  layers  of  the  soil.  Barley  is 
xisually  the  first  crop  grown  on  alkaline  soil.  After  barley  has  been 
grown  a  year  or  two,  the  abundant  irrigation  being,  of  course,  kept 
-op,  the  land  usually  becomes  freed  from  alkali  sufficiently  to  permit 
tiorse  beans,  cowpeas,  beets,  and  other  garden  crops,  and,  what  is  of 
iMore  importance,  alfalfa,  to  be  grown.  This  Saharan  alfalfa  (see  PI. 
ZXVI,  fig.  2),  although  refusing  to  grow  on  soil  which  produces  a  fair 
orop  of  barley,  is,  nevertheless,  able  to  withstand  without  injury  a 
percentage  of  alkali  in  the  soil  which  would  prevent  the  growth  of 
ordinary  alfalfa.^ 

PROPORTION  OF  MALE  TREES  THAT  SHOULD  BE  PLANTED. 

It  has  been  found  in  the  date  plantations  of  the  Sahara  that  for 
every  hundred  date  palms  there  should  be  at  least  one  male  tree  to  fur- 
nish pollen  for  use  in  fertilizing  the  flower  clusters  in  spring.     There 
is  already  a  large  number  of  male  date  palms  in  Arizona  and  Cali- 
fornia, so  that  it  has  not  been  thought  necessary  to  introduce  more 
than  a  very  few  from  the  Old  World.     The  ratio  of  one  male  for  every 
hundred  female  palms  applies  only  in  the  Sahara,  where  it  is  possible 
to  secure  male  palms  known  to  flower  at  the  right  time  to  be  used  in 
pollinating.     It  often  happens  that  many  of  the  seedling  male  plants 
flower  too  late  to  be  of  any  use.  *    It  does  not  interfere  so  much  with 
the  usefulness  of  a  male  date  palm  to  have  it  bloom  too  early,  since 
the  bunch  of  male  flowers  can  be  preserved  for  some  weeks  without 
serious  deterioration.     In  view  of  these  facts  it  will  be  advisable  in 
starting  any  plantations  to  put  out  at  least  one  male  palm  for  every 
fifty  females,  or  better,  one  male  for  every  twenty-five  females.     It 
will  be  desirable  also  to  secure  oflfshoots  from  different  male  trees  in 
order  to  avoid  getting  male  trees  all  of  one  kind,  which  might  be 
found  to  bloom  at  the  wrong  season.     In  case  no  offshoots  of  male 
trees  can  be  secured,  a  few  seeds  may  be  planted  and  the  male  palms 
saved  to  furnish  pollen.     When  the  trees  begin  to  flower  it  will  be  possi- 
ble to  see  readilj'  which  male  trees  flower  at  the  right  season;  the 
others  can  be  destroyed  and  offshoots  from  female  trees  planted  in 
their  places. 

«  After  much  correspondence  with  the  Arab  caids  in  the  interior  of  the  Sahara,  a 
small  quantity  of  the  seed  of  this  valuable  alfalfa  was  obtained  for  the  writer  in  the 
spring  of  1901.  It  is  earlier  than  ordinary  alfalfa  and  resists  heat  and  alkali  better. 
It  has  been  planted  in  the  CSooperative  Date  Garden  at  Tempe,  Ariz.,  and  it  is  hoi^d 
that  it  will  prove  as  valuable  in  the  Southwest  as  it  is  in  the  Sahara. 

ft  Out  of  SIX  date  palms  which  had  flowered  up  to  1898  at  the  San  Joaquin  Valley 
substation  of  the  California  Experiment  Station,  three  were  female  and  three  male, 
but  two  of  the  male  palms  did  not  flower  until  the  female  trees  had  ceased  blooming. 
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Some  male  trees  produce  more  pollen  than  others,  and  are  mncii 
preferable  to  use  in  pollinating.  When  once  good  sorts  of  males  are 
found  they  should  be  propagated  by  offshoots  in  the  same  manner  a^ 
the  female  plants.  In  most  parts  of  the  Algerian  Sahara  no  particular 
attention  is  paid  to  the  propagation  of  suitable  male  palms,  and  in 
consequence  pollen  is  sometimes  scarce  early  in  the  flowering  seasoa 
and  again  later  on,  which  often  renders  it  necessary  to  procure  polleo 
from  neighboring  orchards  or  even  from  other  oases,  sometime^;  at 
considerable  trouble  and  expense.  In  Tunis  there  Is  a  male  varietr 
propagated  by  offshoots  called  the  Deglaoui  used  to  pollinate  late- 
blooming  sorts.  Another  called  the  Dakar  majahel  was  secured  by 
Mr.  D.  G.  Fairchild  in  Egypt,  and  has  been  sent  to  the  Coojjerative 
Date  Garden  at  Tempe,  Ariz.  It  is  said  to  be  the  onl}^  male  palm 
which  produces  pollen  at  the  right  time  to  be  used  on  all  of  the  eight 
varieties  of  female  dates  grown  about  Ramley,  Egypt. 

The  chief  requisite  of  a  male  date  palm  is  that  it  shall  produce  an 
abundance  of  pollen  at  the  right  time  to  be  used  in  pollinating  the 
female  sorts  that  are  grown.  If  date  palms  were  propagated  from 
seed,  and  still  more  if  any  attempt  should  be  made  to  breed  new  and 
better  sorts,  it  would  be  very  desirable  to  secure  male  sorts  capable  of 
transmitting  desirable  characteristics  to  their  offspring.     (See  p.  20.) 

Schweinf urth  has  recently  put  forth  the  claim  ^  that  the  male  sort 
used  for  pollinating  the  flowers  has  a  decided  influence  on  the  shape 
and,  what  is  more  important,  on  tlie  size  of  the  seed  of  the  dates  which 
result.  If  this  were  true  it  would  be  very  important  to  secure  male 
sorts  which  when  used  for  pollination  would  produce  small  seeds. 
Schweinfurth's  supposition  is,  however,  without  doubt  erroneous,  for 
in  spite  of  his  assertion  that  the  observed  variabilit}^  of  the  seed  in 
dates  of  the  same  variet}^*  is  a  proof  of  the  effect  of  the  different  sorts 
of  pollen  used  to  fertilize  the  flowers,  the  fact  is  that  the  seeds  of  any 
one  sort  are  so  uniform  in  size  and  shape  as  to  furnish  good  character? 
for  use  in  distinguishing  varieties,  and  are  regularly  so  employed  by 
both  Europeans  and  Arabs.  The  only  part  of  the  seed  which  could 
be  affected  directly  by  the  male  parent  is  the  embryo,  which  in  the 
date  occupies  so  small  a  fraction  of  the  bulk  of  the  seed  that  it  is  not 
surprising  that  there  is  no  observable  effect  of  the  pollen  on  the  seed 
and  much  less  on  the  pulp  which  surrounds  it. 

«  Schwoinfurth,  Dr.  Heorp:.  Ueber  die  Kiiltiir  der  Dattelpalme.  In  Gartenfloni, 
vol.  50,  1901,  p.  518. 

6  Naturally  the  seeds  are  not  all  exactly 'alike,  even  on  the  same  tree,  and  ^ome 
varieties  of  dates  have  set^ds  which  vary  appreciably  in  shape  and  even  in  size;  but 
this  range  of  variation  is  itself  a  varietal  character.  Of  (^urse  the  incorrect  identifi- 
cations of  dates  often  made  offhand  by  the  Arabs  may  easily  lead  to  erroneous  idea? 
as  to  the  extent  of  variation  in  a  sort  through  a  confusion  of  varieties  similar  in 
external  appearance,  but  differing  in  seed  characters. 
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IViale  date  palms  generall}^  have  stouter  trunks  and  more  leafy 
jx-owns  than  female  trees  (see  PI.  V,  fig.  2),  and  some  have  said  that 
5v^en  the  3^0ung  plants  could  be  distinguished — a  matter  of  much  im- 
portance where  dates  are  propagated  from  seed,  when  it  is  desirable 
bo  recognize  and  destroy  as  soon  as  possible  the  superfluous  male 
plants.  It  has  not  been  found  possible  to  depend  on  any  of  the  signs 
g-iven  for  distinguishing  young  male  plants,  and  they  can  be  recognized 
with  certainty  only  when  they  are  in  flower.  An  inspection  of  figure 
3  on  Plate  VII  will  show  how  diflferent  the  male  flowers  are  from  the 
female  and  render  it  easy  to  determine  the  sex  of  the  palms  as  soon 
as  they  show  flowers. 

CABE  TO  BE  GIVEN  DATE  PALMS. 

The  chief  care  required  by  date  palms  is  that  they  be  irrigated  as 
often  as  needful.  The  soil  should  be  kept  in  a  proper  state  of  tilth, 
w^hich  is  usually  done  by  growing  some  crop  between  the  rows,  espe- 
ciall}'  when  the  palms  are  young.  The  leaves  are  trimmed  off  as  they 
die,  and  care  is  taken  not  to  allow  too  many  offshoots  to  grow  at  the 
base  of  the  stem,  for  they  draw  on  the  strength  of  the  parent  plant. 
In  general  not  more  than  three  or  four  offshoots  should  be  allowed  to 
grow  at  once.  At  least  one  should  always  be  left  attached  to  the 
mother  plant  to  be  used  to  replace  it  in  case  of  accident.^* 

Old  palms,  ten  to  fifteen  years  after  planting,  which  have  developed 
a  good  trunk  4  to  10  feet  high,  do  not  produce  offshoots,  and  such  trees 
require  no  attention  other  than  the  cutting  away  of  the  dead  leaves, 
the  pollination  of  the  flowers,  and  the  gathering  of  the  fruit. 

THE  AGE  AT   WHICH   DATE    PALMS  BEGIN   BEARING. 

The  age  at  which  palms  come  into  bearing  depends  much  upon  the 
climate  and  soil;  where  planted  in  rich  soil,  watered  abundantlj^  and 
where  the  summer  heat  is  intense  and  long  continued,  the  date  may 
begin  to  fruit  when  very  young.  Trees  have  been  known  to  bear  in 
Arizona  within  four  yejirs  after  the  seed  was  planted;  however,  such 
palms  are  too  small  to  bear  more  than  a  very  few  fruits,  and  seedling 
trees  are  genei^ally  considered  not  to  3'ield  paying  quantities  of  fruit 
until  they  are  at  least  G  or  8  years  old  (see  Yearbook,  1900,  PI.  LVIl, 
fig.  1).  When  date  culture  is  practiced  scientifically,  pmctically  no 
seedlings  are  grown,  but  instead  orchards  are  started  by  planting 
fairly  large  offshoots,  which  soon  strike  root,  and  which  often  bear 

«Many  valuable  seedling  dates  have  been  lost  in  this  country  bei'ause  the  suckers 
were  kept  closely  trimmed  off  until  the  trees  were  in  lx*aring.  Only  then  was  their 
value  discovered  after  it  was  t^o  late  to  propagate  them.  If  an  offshoot  is  always 
left  attached  at  the  base  of  the  palm  it  may  in  turn  be  allowed  to  produce  su(;kers 
after  the  parent  plant  ceases  to  pro<iuce  them,  and  in  this  way  a  continuous  supply 
of  offshoots  may  be  produced  even  at  the  base  of  old  palms,  and  no  variety  need  be 
lost 
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abundantly  four  or  five  years  after  being  transplanted  (see  PL  X] 
However,  in  the  large  plantations  made  in  Algeria  by  the  Frenchi 
oniHt^  it  is  not  considered  advisable  to  allow  the  palms  grown 
offshoots  to  bear  fruit  until  five  or  six  years  after  they  are  set 
and  the  trees  are  not  in  full  bearing  until  eight  or  ten  years 
they  arc  planted.  They  continue  bearing,  if  well  cared  for,  until 
are  a  hundred  years  or  more  old,  a  good  tree  producing  an  avei 
of  from  00  to  20()  pounds  of  fruit  a  year,**  although  some  trees 
been  known  to  produce  as  much  as  400  or  600  pounds*  when  gTO\ 
rich  soil  and  abundantl}'*  irrigated.  The  tree  shown  in  a  pre^ 
paper  (Yearbook,  11)00,  PI.  LVIl,  fig.  1)  is  a  demonstration  of 
capabilities  of  Arizona  as  a  date-producing  country.  It  was  oi 
years  old  from  the  seed  when  photographed,  and  yet  bore  some 
pounds  of  dates.  Again,  an  Amreeyah  palm,  grown  from  an  oflFs 
imix>rted  ])v  the  Department  of  Agriculture  from  Egypt  in  h 
yielded  in  19(X)  over  300  pounds  of  dates  (see  Yearbook,  19t>t.L  H 
LXII,  fig.  1).  A  little  palm  growing  on  the  grounds  of  the  Unive^a^ 
of  Arizona,  at  Tucson,  where  the  winters  are  often  cold,  bore,  nev« 
theless,  when  it  had  been  transplanted  five  years,  two  bunches  of  froi 
weighing  together  some  30  pounds  (see  Yearbook,  1900,  PL  LVIl,  fig 
2).  The  large  Deglct  Noor  palm  growing  at  Biskra,  Algeria,  showi 
in  the  foreground  of  Plate  LX,  Yearbook,  1900,  bore  over  15  hunche 
of  fruit,  and  the  3'oung  Deglet  Noor  palm  shown  in  Plate  XXII 
grown  from  a  sucker  set  out  only  three  years  before,  bore  3  bunche 
of  fruit. 

l^OLLTNATION   OF  THE   DATE   PALM. 

In  a  wild  state  the  date  palm  is  undoubtedly  pollinated  by  the  wind 
and  about  one-half  of  the  trees  are  males.  It  is  probable  that  polliitf 
tion  would  be  incomplete  unless  the  proportion  of  male  ti-ees  w« 
something  like  one-half,  for,  although  enormous  quantities  of  |K)lIe 
are  produced,  only  a  very  small  part  of  wind-blown  pollen  ever  reache 
the  female  flowers.  The  artificial  pollination  of  the  date  palm  wi 
doubtlcvss  discovered  by  the  ancient  Assyrians,  and  has  been  pi"actice 
probably  for  three  or  four  thousand  years  at  least.  Because  of  tb 
great  economy  of  pollen  brought  about  by  this  practice,  one  nial 
tree  suflices  to  pollinate  from  fifty  to  a  hundred  females. 

The  male  flower  cluster  of  the  date  palm  consists  of  a  stalk  bearin] 

oM.  Masselot  has  published  a  list  of  all  the  important  varieties  of  dates  grown  I 
the  Tunisian  Sahara  (Bui.  Direc.  Agric.  et  Comm.,  Tunis,  Vol.  6,  No.  19,  Apr.,  1901] 
and  gives  the  average  yield  per  tree  of  92  sorts.  The  Loozee  variety  has  the  lowef 
average  yield,  55  pounds,  and  the  Areshtee  and  Ilamraya  the  highest,  220  poundi 
the  average  yield  of  all  the  92  varieties  is  116.5  pounds  per  tree. 

''In  the  oasis  of  Tebbes,  the  northernmost  in  Persia,  it  is  reported  that  a  full-grow 
tree  may  yield  200  man  (of  3}  pounds).  Bunge,  Petermann'a  Mittheilongen,  1S6C 
p.  214. 
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Dnsiderable  number  of  short  twigt)  to  which  the  flowers  ai-e  attached, 

1  "whole  contained  in  a.  ubeath  at  first  entirely  closed,  but  which  finally 

jtures,  disclosing  the  flowers.     (PI.  VII,  figs.  1  and  3.)    The  Arabs 

;  the~niale  flower  clusters  from  the  trees  shortly  before  the  flowers 

v&  fully  opened,  at  a  somewhat  earlier  stage  than,  shown  in  Plate 

Jl,  fig.  1.     The  separate  twigs  to  which  the  male  flowers  are  attached 

I,  VII,  fig.  3,  twig  below)  are  from  4  to  t!  inche.s  long,  and  bear 

y  where  from  20  to  50  male  flowers,  each 

Dtaining  6  anthers  full  of  pollen.     One  of 

eso    twigs   suffices   to    pollinate    a   whole 

male  flower  cluster,  and  to  bring  about  the 

ivelopment  of  a  bunch  of  dates. 

The  female  flowers,  like  the  male,  are  borne 

Bide  of  sheaths  which  are  at  flrr>t  entirely 

osed.     Finally  the  sheath  is  split  open  by 

le  growth  of  the  flowers  within  (PI.  VII, 

y.  2,  twig  to  left),  and  at  this  stage  polHna- 

on   is  accomplished.     The  two  tip«  of  the 

•acked-open  sheath  are  separated  and   the 

luster  of  female  flowers   pulled   out.     (PI. 

Ill,  fig.  3.)     A  twig  of  male  flowers  is  then 

iserted   into  the  cluster  of  female   flowers 

Qd  tied  in  place  with  a  bit  of  palm  leaf  or 

rith  a  string.     (Fig.  2  and  PI.  VIII,  fig.  4.) 

^his  completes  the  operation  of  pollination. 

?he  fruit  cluster  soon  begins  to  grow  rapidly, 

jid  in  a  few  weeks  the  piece  of  palm  fiber 

tr  thread  with  which  the  male  flowers  are  held 

D  place  is  broken  by  the  pressure  of  the  grow- 

ng  fruit  cluster.     Such  a  fruit  clu-ster,  still 

wnfined,  but  which  will  shortly  break  the 

Sber,  is  shown  in  figure  1  (p.  Iti). 

In  the  Algerian  Sahara  the  date  begins  to        

flower  in   April,    and    sometimes    produces  p,„  ^_^^  „„„^  ^i^^  ^ 

flower  clusters  as  late  as  June  1,     The  female    ftrtifidHi  imiiinaUon:  »  aprig  oi 

flower  cluster,  which  may  be  from  five  to    ^I^^'^rf^iX"' '"™  "^ 
'  •/  Maiyng  tnc  female  nowvra  and 

twentyin  number  on  a  single  tree,  are  not  all  tied  tut  wiih  apaim-iesi  fiber. 
produced  at  the  same  time.  It  is  necessary  ni^iiTi,  by't^c ^ihoT '  ™ 
in  consequence  to  pollinate  eacb  flower  clus- 
ter as  it  appears,  and  sometimes  an  interval  of  several  weeks  elapses 
between  the  appearance  of  the  first  and  last  flower  clusters,  so  the 
trees  must  bo  ascended  several  times.  The  Arabs  are  very  expert  in 
doing  this  work  and  seldom  overlook  a  tree,  even  where  the  palms 
are  planted  without  any  order;  indeed,  they  rarely  miss  even  a  single 
flower  cluster.     It  requires  some  skill  to  climb  a  tall  palm  tree,  as 


28  THE   DATE   PALM. 

the  trunk  below  is  very  smooth  and  it  is  difficult  to  pass  between  Ifa 
stalks  of  the  lower  leaves  in  order  to  get  at  the  flowers,  since  tftfH 
leafstalks  are  armed  with  sharp,  rigid  thorns.  (Fig.  1,  p.  16.)  '5li 
Algerians  use  no  rope  or  other  apparatus  to  ascend  the  ti^es,^ 
climb  up  with  their  bare  hands  and  feet.  (PI.  VIII,  figs.  1  and  2,  an 
PI.  XIII.) 

When  date  culture  becomes  an  important  industry  in  the  Somli 
western  States  it  fs  probable  that  American  ingenuity  will  devise  metli 
ods  of  simplifying  the  work  of  pollination.  For  example,  it  would  b 
easy  to  find  means  of  marking  the  trees,  and  also  the  flower  closteR 
to  show  which  have  been  pollinated.  It  might  be  possible,  for  instance 
to  tie  the  male  flowers  in  place  with  a  bright-colored  strip  of  clotii 
which  would  make  it  easy  to  see  whether  all  the  flower  clusters  hft 
been  pollinated  or  not.  It  is  possible  that  in  some  places  Indians  wil 
be  able  to  take  the  place  of  the  Arabs  and  do  this  work  eflSciently.  .  1 
is  absolutely  necessary  to  pollinate  all  the  flowers  in  order  to  seouT 
dates  of  a  good  quality,  although  the  dates  do  not  fall  oflf  even  if  tb 
flowers  are  not  pollinated. 

About  the  end  of  June,  by  which  time  the  fruits  are  of  some  sixi 
three  fruits  will  have  developed  from  each  flower.  Then  occurs 
remarkable  phenomenon.  If  the  flowers  have  been  pollinated,  two  c 
the  three  fruits  fall,  leaving  a  single  date  for  each  flower.  If,  on  th 
contrary,  the  flowers  have  not  been  pollinated,  all  three  dates  remai 
attached  and  continue  to  grow,  becoming  closely  crowded  together  am 
somewhat  deformed.  Such  dates  are  without  seeds,  but  never  prop 
erly  mature,  and  are  entirely  valueless.^  This  peculiar  beha\aor  of  tb 
date  palm  enables  the  cultivator  to  tell  by  inspection  which  buuche 
have  been  pollinated  and  which  have  escaped  attention,  and  the  cuttinj 
away  of  the  excess  of  bunches  from  too  heavily  laden  trees  should  b 
postponed  until  this  time,  when  it  is  possible  to  tell  which  bunchc 
will  mature  perfect  fruit.  As  a  rule,  only  one  or  two  clusters  should 
be  left  on  the  young  date  palms  which  have  just  begun  to  bear,  art 
only  eight  or  ten  even  on  old  trees.  Some  varieties  do  not  requin 
much  thinning,  as  the}'^  do  not  produce  more  bunches  than  they  cai 
nourish  properly,  whereas  other  sorts  produce  twice  as  many  as  th 
tree  C4in  support. 

It  sometimes  happens  that  some  of  the  female  flowers  appear  ii 
spring  before  any  of  the  male  trees  have  blossomed.  To  provide  i 
suppl}^  of  pollen  for  such  flowers  the  Arabs  make  a  practice  of  keep 
ing  a  few  bunches  of  male  flowers  from  the  previous  year,  which  ait 
placed  in  tight  paper  bags  and  hung  up  in  a  cool,  dry  place.  The  pol 
len  is  said  to  keep  without  deterioration  for  at  least  two  years.  The 
importance  of  securing  male  trees  which  flower  at  the  right  time  has 
been  noted  on  page  24. 

oSuch  unpollinatcd  dates  have  sometimes  been  supposed  by  inexperienced  observers 
to  be  a  superior  variety  because  of  their  seedlessnees. 
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By  an  inspection  of  Plate  VII,  figure  3,  it  will  be  easy  for  those  who 
ossess  seedling  date  palms  to  determine  the  sex  of  the  plant  as  soon 
3  any  flowers  are  formed.  Superfluous  male  trees  can  then  be 
^^stroyed  and  replaced  by  female  trees  before  they  have  reached  a 
^Tge  size.  In  case  of  gardens  where  there  are  a  few  Jemale  date 
i^lnis  and  no  males  available  to  furnish  pollen,  it  will  be  necessary  to 
&eure  pollen  from  a  distance — not  a  difticult  matter,  since  male  flowers 
E^n  be  shipped  anywhere  without  deterioration  if  protected  against 
>es  of  pollen. 

After  irrigation  the  labor  of  artificial  pollination  is  the  most  impor- 
Eint  required  in  a  date  orchard.  The  irrigation,  however,  is  very 
learly  such  as  would  be  given  to  any  fruit  trees,  whereas  the  process 
►-f  pollination  is  one  that  is  not  required  by  any  other  comraonl}'^  cul- 
ivated  tree.  It  should,  however,  be  remembered  that  for  the  first 
<en  or  fifteen  3'^ears  after  date  palms  are  planted  the  flowers  are  so 
lear  to  the  ground  that  artificial  pollination  is  performed  very  easily. 
Che  operation  becomes  difficult  only  when  the  palms  are  old  and  very 
»11. 

GATHERING,  CURING,  AND  PACKING   DATES. 

Some  varieties  of  dates  require  practically  no  curing,  being  ready  to 
pack  and  ship  as  soon  as  they  have  ripened.  Other  varieties,  however, 
require  some  preparatory  treatment.  Dates  are  borne  in  bunches, 
M^hich  have  a  single  stem  with  numerous  slender  twigs  to  which  the 
fruits  are  attached.  (Pis.  IX  and  XXII.)  A  bunch  carries  from  10  to 
■IrO  pounds.  It  is  very  rare  that  all  the  dates  on  a  bunch  ripen  at  once, 
and  in  the  case  of  choice  varieties  those  which  first  ripen  are  fre- 
quently hand  picked  and  shipped  at  once  in  order  to  get  the  high 
prices  paid  for  the  earliest  shipments.  It  is  also  asserted  that  picking 
the  outer  dates  of  the  bunch,  which  usually  ripen  first,  permits  the 
inner  fruit  to  ripen  })etter.  Usually  the  whole  bunch  is  cut  oflT  and 
hung  up  in  a  dry  and  shady  place  when  most  of  these  dates  are  ripe 
and  the  remainder  beginning  to  ripen.  It  has  been  found  necessary 
to  remove  an}^  dates  which  have  begun  to  spoil  before  the  bunches  are 
hung  up,  for  if  such  dates  are  left  the  whole  bunch  may  spoil.  Usu- 
ally within  a  week  or  two  all  of  the  dates  ripen,^*  and  the  bunch  is 
ready  for  shipment. 

The  choice  varieties  of  dates  are  shipped  from  the  Sahara  either  in 
bags  or  more  often  in   long  wooden   boxes.     They  are  afterwards 

oin  case  the  dates  do  not  mature  because  of  an  exceptionally  cool  summer,  or  in 
regions  where  the  summer  heat  is  inade(]uate,  they  can  be  ripened  artificially  after 
being  picked  by  exposing  them  to  the  sun  during  the  hot  part  of  the  day  spread  out 
on  blankets,  and  storing  them  indoors  at  night  wrapped  up  in  the  blankets  on  which 
they  have  been  exposed  during  the  day.  Mr.  Hall  Ilanlon,  near  Yuma,  Ariz.,  often 
ripens  considerable  quantities  of  dates  in  this  manner,  which  is  that  followed  in 
northwestern  Mexico  (see  p.  135). 
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repacked  in  smaller  boxes,  holding  from  two-thirds  of  a  pound  to  H 
pounds.  (Fig.  5,  p.  34,  and  PL  X.)  The  methods  above  outlined  a;^^^ 
to  the  Deglet  Noor,  which  is  the  variety  chiefly  exported  from  AlgfM 
and  Tunis  to  Europe.  Other  varieties,  such  as  the  Rhars,  which 
full  of  sugary  juice  when  ripe,  are  not  so  easily  handled.  The 
usually  hang  up  the  bunches  and  allow  the  juice  to  drain  off  into  ji 
This  juice,  which  they  call  date  honey,  is  preserved  and  used,  and 
fruit,  when  it  has  become  somewhat  dry,  is  then  packed  in  boxes 
more  often  in  skins.  Dates  of  this  class  are  usually  packed  tightlj. 
and  may  keep  for  many  3^ears  without  deteriorating.  Somewhat  tk 
same  style  of  packing  is  practiced  at  Bassorah  and  Maskat  in  Arabia, 
whence  come  most  of  the  dates  received  in  American  markets.  Tbe»rF 
the  dates  are  packed  tightly  in  layers  in  wooden  boxes  for  export  t* 
America  and  Europe.  The  dates  containing  an  abundance  of  sugarr 
juice  have  the  disadvantage  of  being  sticky  when  unpacked,  and  are 
not  suitable  to  serve  as  a  dessert  fruit.  As  befom  mentioned,  tbt 
Deglet  Noor  does  not  have  this  drawback  if  properly  handled.  It  haci. 
however,  the  defect  of  drying  rather  rapidly,  and  from  the  very  far: 
that  it  is  not  tightly  packed  in  boxes  it  doubtless  dries  all  the  quicker. 
With  reasonable  care,  however,  it  can  be  kept  for  some  months  in  i 
cool,  dry,  well-ventilated  storeroom,  and  probably  no  other  dried  fruit 
having  a  value  comparable  to  the  Deglet  Noor  date  can  be  put  on  thr 
market  with  so  little  labor  or  at  so  little  risk  of  loss.  Practicallv  tfe 
only  hand  labor  required  is  that  of  arranging  the  dates  in  layers  ir 
the  smaller  boxes  in  which  they  are  sent  to  the  retail  trade. 

TYPES  OF  DATES  AKD  VARIETIES  ST7ITABLE  FOB  CTTIjTXnEUC  BT 

THE  tTNITEB  STATES. 

TllE  THREE   TYPES  OF  DATES. 

Of  the  three  principal  types  of  dates  cultivated  by  the  Arabs,  only 
one  is  exported  to  Europe  and  America.  This  comprises  the  dates,  ?<» 
familiar  to  us,  called  b}'^  the  Arabs  "soft  dates."  They  contain  some 
times  as  much  as  60  per  cent  of  their  weight  of  sugar,  and  are,  in  fsycl 
candied  on  the  tree,  being  preserved  from  decay  by  the  enormous 
amount  of  sugar  they  contain.  They  contain  more  or  less  of  a  sirupy 
juice,  which  is  in  some  varieties  so  abundant  that  it  must  be  allowed 
to  drain  off  before  they  can  be  packed. 

The  second  type  comprises  sorts  very  like  those  just  mentioned,  but 
having  a  much  lower  percentage  of  sugar — not  enough  to  keep  them , 
from  fermenting  and  turning  sour.  They  do  not  dry  readily  and  are 
usually  eaten  fresh  from  the  tree  as  a  table  fruit,  being  more  like 
grapes  than  like  ordinary  dates.  The  very  early  soi-ts  are  of  this  cate- 
gory and  do  not  stand  shipment  to  long  distances,  though  they  will  | 
prove  of  great  value  for  home  consumption  and  may  be  $old  on  the 
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3al  markets.  The  Wolfakill  date  (wee  fig.  3)  from  Winters,  Cal.,  is 
le  of  these  sorts,  as  is  al«o  the  Amaree,  the  earliest  date  known  in  the 
sstern  Sahara,  which  has  been  recently  introduced  into  Arizona. 
The  third  category  embraces  what  are  known  to  the  Arabs  as  "  dry 
ites.-'  These  are  almost  entirely  unknown  to  Americans  or  Europeans, 
it  are  very  much  esteemed  by  the  Arabs,  who  »«nyider  them  to  be 
stter  for  every  day  consumption  than  the  soft  daten,  which  latter  they 
■■gard  luther  as  a  luxurj'  than  a  staple  food.  These  dry  dates  are  not 
;  all  inclined  to  be  soft  or  sticky  when  ripe,  and  are  frequently  so 
iird  as  to  be  difficult  to  eat.  They  are  said  to  drop  to  the  tfround  as 
ley  ripen,  and  are  gathered  by  simply  picking  them  up  from  beneath 
le  palms  as  they  fall.  If  stored  in  a  dry  place  and  protected  from 
eevils,  they  may  be  kept  for  years  without  deteriorating.  Dates  of 
lis  type  are  as  yet  wholly  unknown  in  our  markets,  but  inasmuch 
3  they  are  often  of  excellent  flavor,"  and  are  cleaner,  keep  better,  and 
re  more  easily  gathered  and  packed,  they  can  be  sold  cheaper  than 
oft  dates.  It  is  not  unlikely  that  the  Iwst  sorts  of  dry  dates  may 
■ecome  favorably  known  and  may  bo  eaten  in  place  of  Deglet  Noor 
lates  as  a  dessert  fruit,  especially 
phen  the  latter  sort  is  out  of  sea- 
on;  say,  from  April  to  October. 
Mr.  O.  F.  Cook  suggests  that 
Iry  dates  may  attuin  popularity 
IS  a  result  of  the  modern  ten- 
iency  toward  the  use  of  nuts, 
cereal   preparations,    and    other 

foods  which  do  not  require  cook-       ]no.3._woiiiiknidBi«Brown«twinte™,c»i. 
ing,  since  they  would  be  prefera- 
ble to  the  sweeter  soft  dates  as  a  regular  article  of  diet,  and  could  be 
had  at  any  time  of  the  year  in  prime  condition. 

VARIETIES   OF   DATES    SUITABLE    FOR  CULTURE    I>f   THE   UNITED  STATES. 

When  the  writer  made  his  last  journey  to  the  Sahara  in  order  to 
secure  offshoots  for  planting  in  the  Cooperative  Date  Garden  atTempe, 
in  Arizona,  and  even  when  his  first  report*  on  the  date  palm  was  pub- 

«A  palm  which  \h»t«  dry  dales  of  excellent  (Hiality,  though  of  rather  sumll  size, 
was  imported  by  the  n<;|)ftrt[neiit  of  Ajfrieuiture  in  1889,  and  haa  frnited  for  some 
yeara  in  the  Salton  Bimin  in  southeastern  California  at  Coachilla.  Tliis  palm  is 
proliably  a  BeedlinK  and  not  an  offsljoot  of  a  name<i  variety  as  was  at  firat  supposed; 
it  may  be  called  the  Coachilla  date,  and  has  truita  about  li  tolj  inches  lonn  and 
Bve^ighthg  incli  wide.  They  are  browniah  amber  in  color,  much  wrinkled,  and 
have  a  dulS  meal  bloom  on  the  surface.  The  seed  ie  small,  light  gray  in  color,  blunt, 
and  with  a.  more  or  less  evident  furrow  on  tifce  back.  The  flesh,  though  hard,  ia 
free  from  fiber  and  of  very  good  flavor,  with  a  persisting  and  agreeable  aftertaste. 

6  "The  date  palm  and  itsi-iilture,"  Yearbook  of  the  Department  of  Agriculture, 
1900;  also  reprinted  and  distributed  separately. 
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litihcd,  it  vas  doubtful  whether  tlie  best  lat«-ripeiiing  sort»  of  d 
could  Mueceed  iit  any  of  tho  arid  re};ions  of  the  Southweist  wbkb  k 
then  bi'on  irrigated,  and  eousecjuently  particular  atteDtion  was  gi'-*' 
to  early -maturing  Mort.s,  Mure  to  ripen  fully  in  most  parts  of  ArizoK< 
and  California.  Many  early  woi-ts  have  beeu  secured  by  the  wri;-! 
from  the  Sabani,  aniunjr  them  the  Amaree,  Tedmaiua,  Areshtee.  Ifat- 
looa,  Teddala,  Timjooert,  Khars,  Tenne^in,  and  llent  Kelnlla.  ii«- 
Mr.  I).  G.  Fairchild  has  rei-ently  «.'cured  the  Hayani,  the  earliest -an 
grown  in  lower  Egypt.  Several  medium  or  early  ,iort^  already  en=^- 
in  California  and  Arizona — among  others  the  Seewab,  imported  fp-i 
Egypt  by  the  i)ej>artmcnt  of  Agriculture  Honie  thirt4?en  years  ago.aa : 
a  num))er  of  seedlings  which  liave  originated  in  this  country,  siu-h  *■ 
the  lery  early  Wolfskill  (see  tig.  S),  the  moderately  early  Lount  N" 
6,  and  the  Bennet  date  (see  Jig.  4),  whieh  latter  has  a  I'eniarkably  k-»" 
proixjrtion  (1  to  11)  of  pit  to  flesh.  With  so  manyeart; 
and  medimn  sort.s  to  choose  from,  it  is  probable  llo' 
some  cim  ))o  found  capaldo  of  ripening  all  along  tb 
northern  ninge  of  dat«  culture  in  Texa^i,  New  Mesk-o. 
and  Arizona,  and  throughout  the  interior  valley  regioi 
of  California. 

The  Khars,  in  particular,  is  a  promising  variety  fm 
cooler  climates,  as  the  fruit  ri[K'ns  very  early  and  is  ■ ' 
good  quality,  while  the  plant  is  very  vigorous  and  ea^•i ; 
pi-oi^igated  by  offshoots.  Its  principal  dmwback  i.-'  thJ 
"diit,ttr^in'i'ii..L>  the  fruits  are  sticky,  lH>ing  so  full  of  sirupy  juice  thai 
Ills.  Aril.  j^Ijp^.  j^,.g  diilicult  to  cure,  and  must  usually  Iw  packci 

closelv  in  skins  or  boxes  for  shipment.  It  is  not  improbable,  how- 
ever, that  a  good  system  of  curing  and  packing  would  get  rid  of  ibt 
sirup  and  leave  the  dates  in  a  condition  like  that  of  the  orientjil  daW? 
conunonly  sold  in  America. 

A  large  nunilier  of  the  offshoots  of  the  Khars  variety  was  o))tMii)eil 
in  19U0,  part  being  .sent  to  California  and  part  to  Arizona. 

The  Rliars  offshoots  planted  at  Tempe  in  July,  l!>t>0,  have  madpi 
i-emarkalile  showing;  nearly  10  jwr  cent  of  the  plants  (17  out  of  17'tl 
flowered  and  bore  a  small  crop  of  f  mit  only  two  years  after  lieing  ^ 
out.  ''The  Khars  proved  to  Ik'  an  exceedingly  sweet,  tender-skinnr<i 
date,  maturing  in  September  and  (>clol)er,  and  can  prolmbly  be  grown 
in  cooler  localities  than  Salt  Kiver  Valley.""  Professor  Forties  wrileJ 
that,  "judging  from  preliminary  exi)erience,  the  Khars  seems  to  be» 
good  commercial  date,  l)eing  very  sweet,  and  drying  in  t«n  days  lo 
two  weeks  time  to  a  flrmness  ponnitting  of  packing  and  shipping. 

iiFurl>os,  K.  H.  Thirteviitli  Annual  Keptirt,  Ariaona  Experiment  StatioD.  IMCS, 
p.  243. 
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ley  seem  to  be  diy  enough  to  pack  when  they  are  down  to  about  85  to 

per  cent  of  their  freyh  weight.''" 
The  Toddala  is  another  early  sort,  having  a  great  advantage  over  the 
aurs  in  that  its  fruits  can  be  cured  without  difficulty.     This  variety 
SIS  brought  into  notice  by  M.  Yahia  ben  Kassem.     It  is  a  very  large 
tte,  often  3  inches  long,  and  ripens  about  the  same  time  as  the  Khars. 

is  an  yet  but  little  known,  even  in  North  Africa,  but  is  a  very 
•omising  sort.  The  palm  is  ex<^eedingly  vigorous  and  bears  large 
'ops  of  fruit.     This  variety  is  now  growing  at  Tempe. 

It  has  been  noted  on  page  (U  in  treating  of  the  heat  requirements  of 
le  date  that  hardy  lather  than  early  sorts  are  needed  for  southern 
evada  and  southwestern  Texas,  where  the  summers  are  long  enough 
ad  hot  enough  to  ripen  even  late  sorts,  but  where  the  winters  are 
>metimes  veiy  cold. 

Now  that  considerable  areas  in  the  Salton  Basin  have  been  put  under 
rrigation,  there  is  at  last  open  to  our  enterprising  fruit  growers  a 
egion  superior  to  most  parts  of  the  Sahara  for  date  culture,  in  which 
ven  the  latest  and  })est  sorts  will  ripen  perfectly.  It  now  becomes  of 
^reat  importance  to  secure  these  late  varieties  for  trial,  as  they  com- 
>rise  the  choicest  sorts  which  bring  the  highest  prices  on  the  American 
md  European  markets. 

THE   DEGLET   NOOH    DATE. 

Among  these  late  sorts  one  in  particular  is  worthy  of  special  men- 
tion, the  famous  Doglet  Noor.^ 

This  so»'^.  is  of  medium  or  large  size,  oval  in  outline,  dark  amber 
colored,  and  translucent,  with  a  small,  pointed  pit.  The  flesh  is  tirm, 
very  sweet,  and  of  excjuisite  flavor  and  aroma.  This  date,  if  properly 
bandied,  remains  clean,  with  the  skin  smooth,  unbroken,  and  dry,  so 
that  when  served  as  a  dessert  fruit  it  has  a  most  appetizing  appear- 
ance, very  unlike  the  ordinary  stick}-,  misshapen  dates  from  the  Per- 
sian Gulf  region.  A  bunch  of  dates  showing  how  the  dates  are 
attached  is  representt^d  on  Plate  XXII  (see  also  Yearbook,  11)00,  PI. 
LiX),  while  several  dates  and  a  few  pits,  all  natural  size,  are  shown 
on  Plate  IX. 

The  j)alm  which  produces  these  dates  has  a  slender  trunk,  bearing 
long,  narrow  leaves,  which  stand  more  upright  than  those  of  most 
other  sorts.  The  bunches  of  fruit  have  long,  slender  stems,  which  alfow 
them  to  hang  down  when  the  dates  are  ripe  (PI.  XXII).  The  slender, 
upright  leaves  give  this  variety  a  characteristic  appearance,  which 
enables  it  to  be  recognized  easily  even  when  growing  with  other  sorts. 

a  Forbes,  R.  H.,  in  letU»r  to  the  writor,  dated  Tn(\«on,  January  9,  1903. 

ftJn  Frenrh  orthopraphy  De^let  Xour;  aJHO  called  Deglet  en  nour,  or  Deglat  ennonr. 

MAY  7  -  1904 
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The  fmite  undergo  no  special  preparation  for  tbe  market.  ImtaR 
uimply  sorted  and  packed  carefully  in  boxe^i  suitable  for  tbe  retail 
trade.  Such  boxeKareHhonn  in  figure  5  and  on  Plate  X.  Tbey  cootain 
from  two-thirds  of  a  pound  to  11  pounds,  and  are  especially  in  denuuid 
in  Europe  for  the  ChriHtmartiiiarltcts.  The  smaller  boxes  usually  reach 
the  larger  markets  of  this  country  in  January  and  sell  at  from  30  to  40 
ceut»  each  retail,  or  at  tlio  rate  of  45  to  60  cents  a  pound  for  tbe  dates. 
The  writer  was  assured  by  some  of  the  larjrest  producers  io  Algera 
that  the  supply  did  not  equal  the  European  demand  and  that  larg« 
American  orders  were  refused,  while,  on  the  other  hand,  at  one  of  tbe 


Fia.  li.— Deglet  Noor  dales  from  the  Algerinn  Sahara,  abowing  mothoda  of  packing  for  retail  timdr. 

largest  wholesale  and  retail  groceries  at  San  Francisco  it  was  said  that 
auy  quantity  could  l>c  sold  at  3.5  cents  a  box  (50  cents  a  pound),  if  they 
could  lie  secured  before  the  holidays.  At  the  same  time,  selected 
Smyrna  figs  were  selling  in  1-pound  Iwxes  for  30  cents.  It  is  clear 
that  this  date  has  little  in  common  with  the  sorts  which  reach  our  mar- 
kets in  bulk  from  Bassorah,  at  the  head  of  the  Persian  Gulf,  and  from 
Maskat,  Arabia.  If  these  Deglet  Noor  dates  could  be  sold  for  half 
what  they  now  bring  (which  would  still  be  about  five  to  t^n  times  the 
wholesale  selling  price  of  this  sort  in  the  Sahara),  the  consumptioa 
could   be  enormously  increased  in  this  country,  as  they  would  not 
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x>iiipete  with  the  common  dates,  but  would  be  used  as  a  choice  dessert 
fruit  and  for  confectionery. 

The  Deglet  Noor  is  a  very  late  variety,  which  requires  an  enormous 
amount  of  heat  in  order  to  mature  properly.  It  does  not  succeed  v^ery 
pv'ell  at  Biskra,  and  only  in  the  interior  of  the  Sahara,  where  the  sum- 
aaer  temperatures  are  higher,  is  it  of  the  best  quality.  The  finest 
Deglet  Noor  dates  are  produced  in  the  sunken  gardens  '*ghitan"(fig. 
B,  p.  69)  of  the  Souf  country-  in  the  Algerian  Sahara  (see  map,  PI.  II, 
p.  76),  where  the  heat  is  doubled  by  reflection  of  the  sun's  rays  upon 
bhe  leaves  from  the  sides  and  from  below,  by  the  sloping  sandy  sides 
:>f  the  excavations,  in  the  bottom  of  which  the  date  palms  are  planted. 
As  is  shown  in  considering  the  heat  requirements  of  the  date  palm 
[pp.  67-69),  this  sort  may  not  be  able  to  ripen  fully  in  the  Salt  River 
Valley,  Arizona,  but  it  will  surely  attain  the  most  complete  maturity 
in  the  Salton  Basin  and  will  probably  ripen  earlier  there  than  in  the 
Sabai*a,  which  will  allow  the  dates  to  be  placed  on  the  markets  in 
ample  time  for  Christmas,  while  in  the  warmest  situations  hand- 
picked  dates  probably  can  be  shipped  for  Thanksgiving.  The  cer- 
tainty that  this  choice  variety  can  now  be  grown  in  the  United  States 
adds  a  new  interest  to  date  culture,  and  doubtless  many  progressive 
fruit  growers  will  soon  be  planting  Deglet  Noor  date  palms,  the  cid- 
ture  of  which  gives  every  promise  of  being  exceeding^  profitable  (see 
p.  136).  A  full-grown  Deglet  Noor  date  palm  has  been  variously  esti- 
mated to  yield  from  40  to  60  kilos  (88  to  182  pounds)  a  year  on  the 
avei*age,  and  certain  trees  in  the  sunken  gardens  of  the  Souf  country 
in  the  Sahara  yield  as  much  as  330  pounds  of  fruit.  In  the  Oued  Rirh 
country  the  yield  is  irregular  and  a  good  crop  is  said  to  be  followed  by  a 
poor  one  and  then  by  a  moderate  one,  making  one  good  and  one  medium 
crop  every  three  years.  It  has  been  found  !)y  the  French  companies 
that  of  the  dates  yielded  ])y  the  Deglet  Noor  palm  about  one-fourth 
are  of  the  first  grade,  suitable  for  packing  in  small  wooden  boxes  (see 
fig.  5,  p.  34,  and  PI.  X),  holding  from  4^  to  11  pounds,  about  one- 
third  arc  second  grade  and  are  packed  in  the  two-third  pound  oval 
paper  boxes,  such  as  reach  our  markets,  and  the  remainder,  a  trifle 
over  one-third,  are  third-class  dates  to  be  sold  in  bulk. 

Unfortunately  the  Deglet  Noor  variety  does  not  produce  very  many 
oflfshoots  and  does  not  grow  so  mpidly  as  do  most  of  the  less  valuable 
sorts.  In  1900  the  writer  secured  87  oflfshoots  of  the  Deglet  Noor, 
which  were  planted  at  the  Coopenitive  Date  Garden  at  Tempe,  Ariz. 
(See  Pis.  XXI  and  XXII).  Of  these  47  are  now  alive  and  growing 
and  in  a  year  or  two  it  will  be  possible  to  state  with  certitude  whether 
this  valuable  varietv  will  mature  in  the  Salt  River  Vallev.'' 


«One  Deglet  Noor  palm  at  Teinpe  bloomed  in  1902,  but  did  not  mature  its  fruit 
successfully.  (R.  II.  Forbes,  Thirteenth  Annual  Report,  Arizona  Exi>eriment  Sta- 
tion, 1902,  page  243. )     Several  bloomed  in  1903,  but  still  no  fruit  matured. 
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It  would  be  desirable  to  test  this  sort  in  the  Salton  Basin,  and  if  pos- 
sible some  offshoots  will  be  secured  by  the  Department  of  Agriculture 
directly  from  the  Sahara,  since  it  will  be  some  two  or  thi-ee  years 
before  any  can  be  taken  from  the  plants  now  growing  at  Tempe.^ 

The  Deglet  Noor  is  by  no  means  common  in  the  Sahara,  and  accordii^ 
to  Masselot  *  it  was  carried  about  two  hundred  and  forty  yeai-s  ajjo  from 
the  oasis  of  Temassin  near  Tougourt,  where  it  originated,  to  tho  c)ase:>  of 
southern  Tunis.  It  had  then  been  known  in  Temassin  only  about  sixty 
years,  so  the  variety  is  about  three  centuries  old.  Masselot  gives  ti» 
follow^ing  account  of  its  origin  as  told  by  the  Arabs:  "A  revere<l  saint, 
Lolla  Noora,  had  the  habit  of  making  daily  ablutions  at  a  point  in  tbt" 
oasis  of  Temassin  called  '  Blidet-Amar.'^  A  seed  sprouted  fortuitoudr 
at  this  point  and  produced  a  palm  of  a  new  sort  of  degal  (soft  dat**) 
which  was  called  degal  ennoura  or  deglat  ennour  in  remembi-ance  of 
the  saint."  Most  authorities  derive  the  name  from  the  Arabic  y/'«v 
'^  light"  and  "  de(/(il "  or  "  deglet^^^  '*  soft  date,"  meaning  '*•  the  date  of 
the  light''  or  '^  the  transparent  date."  This  is  considered  by  Masselot 
as  an  error,  as  some  other  sorts  are  more  transparent;  he  maintains 
that  the  name  means  simply  ''  Nooiti's  date." 

THE   KHALAS   DATE. 

Mr.  Fairchild  has  also  very  recently  (summer  of  1902)  secured  at 
Bahrein  offshoots  of  the  famous  Khalas,  a  date  from  the  province  of 
Lahsa  or  Hassa  in  eastern  Arabia,  near  the  Persian  Gulf.  Cuinet^ 
in  his  celebrated  work  on  Turkey,  refers  to  it  as  the  most  delicious  of 
known  dates. 

The  celebrated  tmveler  Palgrave  mentions  this  variety  ^s  occurring 

in  the  province  of  Hassa  between  Hofhoof  and  Mebarraz  in  east-contnd 

Arabia,  and  says  :* 

Here  and  for  many  leagues  around  grow  the  dates  entitled  "Khalas" — a  wonltif 
which  the  literal  and  not  inappropriate  English  translation  is  **quinteaeeiice"--i 
species  peculiar  to  Hassa,  and  the  fad  J  e  princeps  of  its  kind.  The  fruit  itself  is  rather 
smaller  than  the  Kassein  date,  of  a  rich  amber  color,  verging  on  ruddiness,  and  semi- 
transparent.  It  would  he  absurd  to  attempt  by  description  to  give  any  idea  of  a  Xssi^, 
but  I  Ixig  my  Indian  readers  at  least  t^  believe  that  a  "Maasigaum"  mango  is  not 
more  superior  to  a  "Jungalee"  than  is  the  Khalas  fruit  to  that  current  in  the  Syrian 
or  Egyptian  marts.  In  a  wonl,  it  is  the  perfet^tion  of  the  date.  The  tree  that  hears 
it  may  by  a  moderately  practiced  eye  be  recognized  by  ite  stem,  more  slender  than 
that  of  the  ordinary  palm,  ite  less  tufted  foliage,  and  its  smoother  bark.     *    *    *    Jtg 

«  An  experimental  date  orchard  has  been  established  very  recently  in  the  Salton 
Ba.^in  at  Mecca  (Waltt^rs),  Cal.  Several  large  Deglet  Noor  palms  have  beentran^ 
planted  from  Tempe  to  Mecca  and  many  Deglet  Noor  offshoots  have  been  ordered 
from  the  Sahara.     (See  footnote,  p.  110. ) 

&  Masselot,  F.  Les  dattiers  des  oasis  du  Djerid.  in  Bulletin  de  la  Direction  de 
r  Agriculture  et  du  Commerce,  Tunis,  vol.  6,  No.  19,  April,  1901,  pages  117-118. 

<^Ble<i  et  Ahraar  near  Temacin  (Map,  PI.  II,  p.  76). 

rfCuinet,  La  Tunjuie,  Vol.  Ill,  p.  233. 

<'Palgrave,  William  Gifford.  Narrative  of  a  Year*s  Journey  Through  Central  and 
Eastern  Arabia,  Vol.  I,  London,  1865,  pp.  172-173. 
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cultivation  is  an  important  item  among  the  rural  occupations  of  Hassa,  its  harvest 
an  abundant  source  of  wealth,  and  its  exportation,  which  reaches  from  Mosoul  on 
the  northwest  to  Bombay  on  the  southeast,  nay,  I  l>elieve  to  the  African  coast  of 
Zanzibar,  forms  a  large  branch  of  the  local  commerce. « 

Mr.  Fairchild  says  Europeans  and  Arabs  in  that  region  agree  in 
considering  it  to  bo  the  best  date  in  the  world.     He  further  sajs: 

I  do  not  hesitate  to  pronounce  it  second  or  third  only  to  the  Deglet  Noor^  which  it 
even  surpasses  in  date  flavor.  I  have  always  thought  the  Deglet  Noor  a  most  deli- 
cate date,  but  lacking  in  that  indescribable  d<ite  flavor  which  characterizes  these 
Persian  and  Arabian  sorts.    The  Khalas  is  a  sticky  date,  but  of  most  unusual  flavor.  & 

In  his  report  on  the  ''Persian  Gulf  Dates"  Mr.  Fairchild  says: 

The  skin  is  a  golden  brown  and  of  moat  delicate  texture,  covering  closely  the 
rich  golden  flesh,  which  is  of  exquisite  date  flavor  and  with  the  consistency  of 
a  chocolate  caramel.  <? 

OTHER   PROMISING    DATES. 

Among  numerous  other  sorts  secured  by  the  writer  from  v^arious 
regions  in  the  Algerian  Sahara  and  now  growing  in  the  Cooperative 
Date  Garden  atTempe,  Ariz.,  the  following  are  especially  noted  for 
their  superior  quality,  all  being  considered  hy  some  to  equal  or  to  l)e 
superior  to  the  Deglet  Noor  in  flavor. 

(1)  The  Teddala,  a  very  large,  very  early  sort  from  M'Zab  in  west- 
ern Algeria  (see  page  33). 

(2)  The  Iteema,  a  midseason  date,  short  and  round,  with  soft  flesh, 
very  sweet,  said  to  keep  well;  in  Tunis  it  is  very  much  esteemed  and 
is  considered  suitable  for  export. 

(3)  The  Bent  Keballa,  possibly  a  large  form  of  the  Iteema,  consid- 
ered one  of  the  best  varieties  in  M'Zab. 

(4)  The  Timjooert,  also  from  M'Zab,  a  medium-sized  red  date,  so 
full  of  juice  that  the  fruit  drips  honey  from  the  tree  when  ripe;  when 
properly  cured  keeps  well  and  is  of  most  excellent  quality;  flesh  gran- 
ular with  almost  no  fibers  about  the  seed;  very  sweet. 

(5)  The  Ilamniya,  a  very  large,  dark-red  date,  ripening  very  late; 
flesh  free  from  fi])er  and  of  good  flavor;  in  Tunis  it  is  the  largest  date 
known  and  one  of  the  two  heaviest  bearers/'  the  average  yield  being 
220  pounds  per  tree. 

(6)  The  Mozaty  or  Mazaut}^  date,  from  the  Pangh  Ghur  country'  in 
Baluchistan,  recently  secured  by  Messrs.  Lathrop  and  Fairchild,  has 
been  highly  extolled.     It  is  said  by  Fischer,  in  his  monograph  of  the 

«Mr.  D.  (jr.  Fainrhild  reports  that  Khalas  is  a  delicate  packer  and  is  nowadays 
never  exporte<l  except  in  form  of  presents.  (8i»e  Biil.  54,  Bureiiu  of  Plant  Industry, 
U.  S.  Department  of  Agriculture,  1903,  p.  25.) 

ft  Fairchild,  I).  G.     In  letter  dated  Bassorah,  February  22,  1902. 

c Fairchild,  D.  G.  Persian  CJulf  Dates  and  Their  Introduction  into  America.  Bui. 
54,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture,  p.  25. 

^'The  Areshtee  is  the  other.     (See  page  26,  footnote  a.) 

«Sonie  thirteen  days*  caravan  journey  from  the  port  of  (xwadur,  on  the  Gulf 
of  Oipan. 
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date  palm,  to  be  "  the  best  date  in  the  celebrated  date  region  Pands^^ 
gar/'"  This  variety  is  reported  by  Mr.  Fairchild  to  be  one  of  the 
finest  in  the  world;  it  ^^  is  packed  in  date  S3'rup  in  small  jars  and  sold  k 
a  great  delicacy  in  the  Kurrachee  market.'"  Such  preserved  Mozatr 
dates  were  eaten  by  Mr.  Fairchild  in  February,  1902,  at  Kiirracbee. 
lie  says,  '•'The}'  impressed  me  as  the  richest  flavored  datas  I  had  ever 
tasted.'"* 

THE  ORDINARY    PATBS  OF  COMMERCE. 

The  standard  varieties  of  dates  which  are  grown  along  the  Shat-el- 
Arab  River  and  which  are  exported  from  Bassorah  to  America  and 
Europe  in  enormous  quantities  have  recentlv  been  secured  and  intro- 
duced into  this  country  I)}*  Messrs.  Lathrop  and  Fairchild.  The  prio- 
cipal  varieties  grown  for  export  in  this  region  are  the  HaJavri. 
Khadrawi,  and  the  Sayer.  Of  these  the  Halawi  is  doubtless  the  best; 
it  is  a  medium-sized,  rather  light-colored,  sticky  date,  and  forms  the 
best  grade  of  the  ordinary  dates  imported  into  .America.  The  tree 
grows  well  on  an  ado]>e  soil  and  needs  much  water.  From  the  region 
about  Maskat  Messrs.  Lathrop  and  Fairchild  secured  the  Fard  date,  of 
which  about  1,000  tons  a  year  are  exported.  It  is  largelj'  shipped  to 
America,  but  it  is  darker  colored  and  inferior  in  flavor  to  the  Halawi 
of  Bassorah,  according  to  Mr.  Fairchild,^  whose  recent  bulletin  should 
be  consulted  for  a  detailed  account  of  the  varieties  and  methods  of 
culture  observed  by  him  in  a  trip  through  the  oriental  date  regions. 

VARIETIES  OF  DATES   THAT  SHOULD    BE  SECURED    FOR  TRIAL    IN  THE   UNrTED   STATES. 

There  are  other  very  promising  latt^.  sorts  which  should  be  secured 
as  soon  as  possible,  even  at  considei'able  expense,  in  order  that  thcr 
ma}'  be  tested  in  the  Sal  ton  Basin  and  in  Arizona  in  comparison  with 
the  Deglet  Noor. 

Among  these  may  be  mentioned  the  Menakher  (or  Monakhir)  of  the 
Tunisian  Sahara,  a  variety  later  than  the  Deglet  Noor,  with  large 
brown  fruits  which  attain  the  length  of  tha  little  linger.  This  sort  is 
rare  and  much  sought  after  in  the  Tunisian  Sahara,  where  it  sells  for 
slightly  more  than  the  Deglet  Noor,  which  it  surpasses  in  length  by 
60  per  cent  and  to  which  it  is  by  many  considered  superior  in  quality. 
The  average  yield  of  a  Menakher  palm  is  said  to  be  30  kilos  or  ^ 
pounds,  only  half  the  ^^eld  of  the  Deglet  Noor.  The  offshoots  are 
more  costly  than  those  of  the  Deglet  Noor,  selling  at  from  4  to  6  f  luncs 
each,  while  those  of  the  Deglet  Noor  cost  only  2  to  3  francs,  and  the 
ordinary  sorts  from  1  to  3  francs. 


«  Fischer,  Th.     Dattclpalme,  p.  20. 

^Fairchild,  D.  G.  Persian  Gulf  Dates  and  Their  Introduction  into  Aiuerica. 
Bui.  54,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture,  1903,  p.  27. 

<^  Fairchild,  D.  (i.  Persian  Giili  Dates  and  Their  Introduction  into  AmericiL 
Bui.  54,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture,  1903,  p.  25. 
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Another  sort  of  great  promise  is  the  Wahi,  of  which  samples  were 
secured  by  Mr.  Fairchild  in  the  market  of  Fayoum,  in  west-central 
Egypt.  This  variety  is  said  to  come  from  the  oasis  of  Seewah,  known 
to  the  ancients  as  Aramon,  or  Ammonium,  some  300  miles  to  the  west- 
^ward,  in  the  interior  of  the  Sahara  Desert.  The  date  is  brown,  less 
transparent  than  the  Deglet  Noor,  but  i-ather  longer  and  decidedly 
broader;  the  seed  is  blunter  and  much  more  irregular  in  outline.  The 
flesh  is  yellowish,  gi-anular  midway  between  the  skin  and  the  seed,  and 
of  a  most  delicious  flavor.  This  date  had  been  gathered  and  kept, 
-with  tio  precautions  against  drying  out,  for  at  least  eight  months  when 
it  was  receiv^ed  at  Washington,  but  it  was  still  in  very  good  condition, 
except  for  the  attacks  of  weevils.  It  seems  to  be  a  better  keeper  and 
to  have  a  higher  flavor  than  the  Deglet  Noor.  Nothing  is  known  as 
to  the  palm  which  produces  this  date,  but  from  the  quality  of  the 
fruit  it  is  presumably  a  late-maturing  variety'. 

Dates  of  a  superlatively  good  quality  are  reported  from  Morocco, 
and  Mr.  O.  F.  Cook^'  obtained  some  years  ago  at  Tangiers,  from  a 
European  official  in  the  employ  of  the  Sultan,  dates  which  he  considei-s 
superior  to  the  Deglet  Noor.     These  dates  were  about  as  long  as 
and  somewhat  thicker  than  the  Deglet  Noor,  but  inore  wrinkled  and 
of  a  darker  color.     They  were  covered  with  a  bloom  and  were  so  dry 
that  the  flesh  was  firm  and  not  at  all  sticky.     At  London  a  prominent 
produce  dealer  in  Covent  Garden  market  assured  the  writer  that  the 
Tafilot  dates  were  better  than  the  Deglet  Noors,  which  are  also  much 
appreciated  in  England.     Inasmuch  as  the  drier  grades  of  Deglet  Noor 
dates  are  preferred  in  England,  it  ma}^  be  that  the  Tafilet  dates  of  the 
Liondon  markets  are  the  same  as  the  dry  variety  Mr.  Cook  secured  at 
Tangiers.     No  good  dates  are  produced  west  of  the  Atlas  Mountains  in 
Morocco,  and  any  sort  of  sup)erior  quality  must  come  from  the  Moroc- 
can Sahara,  very  pro])ably  from  Tafilet,  the  largest  and  most  impor- 
tant Moroccan  oasis,  though  Mdaghra  and  Tissini  are  also  reported  to 
produce  excellent  dates.     Rohlfs,*   the  celebrated  African  explorer, 
says:  "The  dates  of  Tafilet  are  known  as  the  best  in  the  whole  desert; 
the  varieties  Buskri,  Bu  Ilafs,  and  Fukus  are  most  sought  and  bring 
the  highest  price." 

The  importance  of  securing  a  date  possibly  superior  to  the  Deglet 
Noor  would  warrant  sending  Aral)  or  Berber  merchants  to  these  oases 
to  investigate  the  quality  of  the  dates  and  to  secure  offshoots  of  the 
better  sorts.  In  the  present  unsettled  state  of  trans-Atlasian  Morocco 
it  would  be  hazardous  for  Americans  or  Europeans  to  venture  there. 
The  Mirliage  date  of  Mandalay,  some  three  days'  journey  from  Bag- 
dad, and  the  very  similar  but  somewhat  inferior  Maktnm  of  Bagdad, 

«  Oral  communication  to  the  writer,  1900. 

^Rohlfs,  Gerhard.     Tagebuch  seiner  Reise  (lurch  Morocco  nach  Tuat.     In  Peter- 
mann's  Greo^n^phische  Mittheilungen,  1S65,  Heft  5,  p.  175. 
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are  considered  by  Mr.  Fairchild  as  being  ver}'^  promising  sorts.  Tl^ 
Maktum  is  '^a  soft,  sticky  date  with  a  small  stone,  no  fiber,  and  i 
beautiful  golden-brown  skin  which  adheres  closely  to  the  goldeu 
brownish-vellow  flesh.'""  It  matures  in  Auofust.  Unfortunatelv  tb- 
Mirhage  could  not  be  secured  by  Mr.  Fairchild  at  the  time  of  his  vi*a 
to  Bagdad  in  11H)2,  though  he  sent  the  Maktum  to  this  country,  where 
it  is  now  growing. 

The  dates  of  Bafk  and  Terachabad,  in  Persia;  of  Medina*  and  Tar,' 
in  western  Arabia;  of  Kasem,  in  central  Ara])ia;  of  Nedjed,  in  eastern 
Anibia;  of  Say  and  Sukkot/^  in  Nubia;  of  Dakhel,  in  western.  Egypt; 
of  Traghen,  in  Fezzan;  and  of  Tafilet,  Mdaghra,  andTi.ssini,  ineasten 
Morocco,  have  been  lauded  ])v  experienced  travelers,  and  if  possibW 
these  oases  should  be  visited  and  offshoots  secured  of  the  best  sorts, 
since  it  is  now  possible  to  bring  even  the  latest  varieties  to  full  niaturiir 
by  planting  in  the  Salton  Basin.  Heretofore  the  uncertainty'  as  to  thf? 
possibility  of  growing  the  best  late  sorts  has  discoui^aged  any  attempt 
to  obtain  the  varieties  from  the  more  remote  regions;  but  now,  whea 
date  culture  is  still  in  its  infancy,  is  just  the  time  when  these  sort* 
should  l)e  s(^cun»d  and  tested,  in  order  that  no  mistakes  be  made  and  h' 
that  only  th(^  best  sorts  be  planted  out.  Once  planted,  a  date  palm  can 
not  ])e  chan<red  to  another  varietv,  as  can  all  other  ordinary  fruit  trecN 
for  palms  can  not  be  grafted  or  Imdded.  To  change  the  variety  it  is 
necessary  to  dig  up  the  old  trees  and  plant  young  offshoots  of  the  sort 
desired;  in  other  words,  to  destroy  the  old  orchard  and  plant  a  new  one. 

In  view  of  the  fact  that  offshoots  are  now  very  expensive,  and  that 
it  costs  more  to  plant  an  acre  to  date  palms  than  to  any  other  fruit  tree, 
and  in  view  of  the  fact  that  date  palms  can  be  propagated  only  ats 
slow  rate  bv  removincr  one  or  two  offshoots  annuallv  and  can  not  !« 
increased  ind(»linitely  hy  budding  or  gi-afting,  as  with  other  trees,  it 
becomes  very  important  to  secure  a  collection  of  the  best  sorts  of  date 
palms  as  soon  as  possible,  in  order  that  all  the  best  varieties  mav  be 


"  Fairchild,  I),  (i.  PtTf^iaii  (lulf  I)at<*s  and  Their  Introduction  into  AiTierira. 
Bill.  54,  Bureau  of  Plant  Industry,  V.  S.  Department  of  Ajjriculture,  1903,  p.  2:i. 

^  "Tlic  best  kind  [of  Medina  dates]  is  Al  Sheleln;  it  is  packed  in  ekinn  or  in  flat, 
round  Ixjxes,  covered  with  pai)er,  .somewhat  in  the  manner  of  Frem^h  prunes,  and 
sent  as  presents  to  the  remotest  parts  of  the  Moslem  world.  The  fruit  is  alKUit  2 
incites  long,  with  a  small  stone,  and  is  seldom  eaten  hy  the  citiJ^c^ns,  on  account  oi 
the  price,  which  varies  from  2  to  10  piasters  [al)Out  0  to  43  cents]  the  ik>uii<1.  The 
tree,  moreover,  is  rare,  and  is  siiid  not  to  be  so  productive  as  the  other  species.*' 
(Burton,  Narrative  of  a  Pilgrimajjre  to  Mecca,  vol.  1,  pp.  400-401.) 

<^  ''The  small,  yellow  dat<*8  of  Tur  *  *  *  are  delicious,  melting  like  boney  in 
the  mouth,  and  leaving  a  surpassing  arritre  ijodl.^^  (Burton,  Narrative  of  a  Pilgrima-.v 
to  Mecca,  vol.  1.  j).  204.) 

'I  '*ln  Nubia  tht^  dates  of  Ibrim  are  celebrated,  but  still  more  so  those  of  Sukkot 
and  Ray,  the  sweet  aromatic  Sultani,  which  attain  a  length  of  3  inches."  (Fischer. 
Die  Dattelpahne,  p.  25.) 
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pared  and  that  there  may  be  time  to  secure  a  supply  of  offshoots 
^fore  the  "rush"  begins  and  whole  regions  are  planted  to  dates. 

IFortunately  it  will  doubtless  be  possible  to  secure  the  Khars  for  the 
ooler  arid  regions  and  the  Deglet  Noor  for  the  hottest  deserts  in  any 
€^sire<l  numbers  when  once  the  demand  for  the  offshoots  exists. 

e^TRODUCnON     OF     SAIIAKAN     VARIETIES     OF     DATE     PALMS     INTO     THE 

UNITED   STATES. 

Seedling  dates  have  long  been  growing  in  California  and  Arizona, 
•xid  still  longer  in  Mexico,  bu.t  onl}'  recently  have  successful  importa- 
ions  been  made  of  offshoots  of  date  palms,  by  which  alone  the  varie- 
ties can  be  propagated.  In  1889  the  Division  of  Pomology  of  the 
department  of  Agriculture  imported  some  59  offshoots  from  Egypt, 
>  from  Algeria,  and  6  from  Maskat,  and,  although  many  were  lost, 
ibose  sent  to  the  Arizona  Experiment  Garden  in  Phoenix,  in  the  Salt 
River  Valley,  grew  well  and  fruited  at  an  earl}'  age.  (See  Yearbook, 
L900,  PL  LXII,  fig.  1.)  It  was,  however,  found  that  most  of  the  ofl'- 
stioots  from  Eg3'pt  had  l)een  falsely  named;  many  bearing  the  names 
of  valued  sorts  proved  to  be  ordinary  males  of  no  value.  Some  few 
female  palms  bearing  fruit  of  fair  quality  were  included  in  the  ship 
nncnt,  however,  and  the  success  of  these  proved  the  Arizona  climate 
and  soil  to  be  suited  to  the  culture  of  at  least  the  Egyptian  sorts. 
Prof.  James  W.  Toumey  first  directed  attention  to  the  success  of  the 
date  palm  in  central  Arizona,  as  evidenced  by  the  production  of  an 
abundance  of  fully  matured  dates,  both  by  the  seedlings  planted  by 
American  settlers  and  by  offshoots  imported  by  the  Department  of 
Agriculture.^  It  was  the  success  of  these  early  importations  which 
rendered  it  desirable  and  f  ejisible  to  undertake  the  recent  large  impor- 
tations of  offshoots  made  in  1899-1900. 

Shortly  after  the  organization  of  the  Section  of  Seed  and  Plant  Intro- 
duction in  the  Department  of  Agriculture  in  July,  1898,  attention  was 
directed  to  the  desirability  of  securing  a  large  assortment  of  correctly 
named  offshoots,  particularly  from  the  Algerian  Sahara,  whence  are 
exported  the  best  dates  which  reach  Europe  and  America.     The  Uni- 
versity of  Arizona  and  the  Arizona  Agricultural  Experiment  Station 
meanwhile  offered  to  provide  a  special  date  garden,  and  to  set  out, 
irrigate,  and  cultivate  the  palms,  if  the  Department  of  Agriculture 
would  furnish  a  collection  of  offshoots  of  the  best  sorts  of  dates  grown 
in  the  Old  World.     This  offer  wjis  accepted,  and  in  the  winter  and 
early  spring  of  1899  the  writer  visited,  under  instructions  from  the 
Secretary  of  Agriculture,  the  oases  in  the  Sahara  Desert  about  Biskra, 
Algeria.     A  few  offshoots  were  secured  and  forwarded   as  a  trial 

« Tourney,  J.  AV.     Tlie  TIate  Palm.     liul.  No.  29,  Arizona  Experiment  Station, 
Tucson,  Ariz.,  June,  1S98,  pp.  50,  fijjjs.  13. 
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wliipmont,  and  a  lai^e  nutnl)er  was  contracted  for,  to  be  delivered  nt 
following  spring. 

In  Maj'  and  June,  1!KX),  the  writer  again  went  to  Algeria  for  cs 
purpoHC  of  shipping  to  Arizona  the  date  offshoots  previoiislj  itw- 
tracted  for  and  to  purchase  such  additional  offshoots  of  jrood  sort~  ib 
could  I)e  had.  Ah  a  result  of  this  second  visit  440  offshoot-i.  coa-isii^ 
of  Bonie  27  varieties,  were  obtained  and  shipped  {see  PI,  VI)  to  tij 
<Joopei-ativo  Hate  Garden  at  Tempe,  Ariz.,  where  384  of  the  offsb'-'E 
were  planted  (sec  fig.  *>  and  Pis.  XXI  and  XXII).  Of  the  rematDdn 
21  were  sent  to  Phoenix,  Ariz.,  and  35  to  the  date  gardens  at  the  sl^ 
stations  of  the  California  Experiment  Station  at  Pomona  and  Tulan 
and  to  private  growers  in  California. 


This  shipment,  which  was  the  largest  that  ever  left  North  Afrit*- 
came  tliroiigb  in  two  montiis  and  arrived  in  good  order.  An  innovi- 
tionwasnmde  in  packing  the  offshoots.  It  had  been  theeustom  to  send 
them  rooti'd  in  tubs,  entailing  the  great  expense  of  a  year  or  two  c' 
care  in  a  nui'sery  to  get  the  plants  properly  rooted,  and  then  hcavv 
freight  charges  on  a<'count  of  the  bulk  and  perishable  naturo  of  tk 
plants.  The  writer  shipped  the  offshoots  packed  simply  in  Iiospj 
with  damp  moss  about  the  bases,"  in  charcoal,  or  in  .straw,  with  w 
moiisture  whatever  (see  p.  21).  A  late  report  of  Pi-of.  R.  H.  Foriies. 
director  of  the   Arizona   Experiment  Station,   who  gave   his  close 


"Fur  fiilk'r  dHail;*  we  tin- write r'w  re(iort, 
Yearbook,  r)ci«rtment  of  Agriciillure,  1900. 


'The  date  palm  and  its  culture.'*' 
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:>ersonal  attention  to  the  planting  and  subsequent  care  of  these  offshoots, 
;.liows  that  of  the  entire  384  plants  set  out  in  the  Coopierative  Date 
13arden  at  Tempe  and  at  Phoenix,  294  were  living,  while  90  were  dead.^ 
■These  figures  show  that  over  75  per  cent  of  the  offshoots  have  become 
established.  (See  Pis.  XXI  and  XXII.)  More  than  80  per  cent  of 
:;Iiose  sent  directly  from  the  Sahara  by  the  new  system  of  packing 
ived,  but  the  average  was  reduced  by  the  plants  that  had  been  grown 
Ti  tubs  a  year  before  shipment,  of  which  only  about  58  per  cent  lived. 
rhe  offshoots  simply  packed  in  straw  came  through  as  well  as  those 
[carefully  wrapped  about  the  base  with  moist  moss  or  packed  in  char- 
coal. Inasmuch  as  only  70  to  75  per  cent  of  the  offshoots  are  expected 
to  live  in  the  Sahara  when  they  are  planted  in  the  open  without  pro- 
tection, as  was  done  at  Tem|>e,*  the  remarkable  record  was  made  of 
securing  the  growth  of  more  offshoots  in  Arizona  after  a  two  months' 
voyage  than  would  be  expected  to  live  in  the  Sahara,  and  that,  too, 
even  with  the  most  inexpensive  method  of  shipment  that  could  be 
imagined —that  of  simply  packing  the  suckers  closel}^  together  in  dry 
straw  in  ordinary  wooden  cases. 

This  experiment  has  demonstmted  the  possibility  of  importing  date 
offshoots  from  the  Sahara  and  placing  them  in  the  deserts  of  the  South- 
v^est  in  practically  as  good  condition  as  when  they  were  cut  off  the 
parent  tree.     The  importance  of  this  experiment  is  obvious,  for  it 
renders  it  certain  that  offshoots  can  be  transported  to  great  distances 
\ritbout  loss,  and  makes  it  possible  to  undertake  the  culture  of  dates 
on  a  commercial  scale  by  importing  offshoots  for  planting.     Doubtless 
nieans  will  be  found  to  supply  the  demand  for  offshoots  as  soon  as  it 
arises  by  importation  from  the  Sahara.     In  the  meantime  many  of 
the  best  sorts  of  southern  Algeria  are  on  trial  at  Tempe,  Ariz.,  and 
doubtless  some  will  be  found  adapted  to  the  climatic  conditions  there. 
As  was  previously  noted  in  the  paragraph  on  varieties,  it  is  greatly 
to  be  desired  that  the  Deglet  Noor  and  other  late  sorts  be  set  out  as 
soon  as  possible  in  the  Salton  Basin,  in  order  that  there  may  be  a  prac- 
tical demonstration  of  the  suitabilit}'  of  this  region  for  the  culture  of 
the  choicest  sorts  of  dates. 

THE  DATE  PAIjM  AS  A   SHELTER  FOB  OTHER  FRTTIT  TREES. 

In  many  parts  of  the  northern  Sahara  the  date  palm  is  almost  as 
important  as  a  shelter  and  partial  shade  for  other  fruit  trees  as  it  is  for 
its  own  fruit.  At  the  time  of  the  Roman  occupation  of  Africa  these 
oases  were  largely  planted  to  olive  trees,  some  of  which,  indeed,  still 
remain — giant  stems  perhaps  1,500  j^ears  old.     It  happens  that  the 

«Forbee,  R.  H.  Thirteenth  Annual  Reiwrt,  Arizona  Experiment  Station,  1902, 
p.  242. 

^Marcassin.  L' agriculture  <lans  \e  Sahara  de  Constantine.  In  Annalee  de  I'lnst 
Agronomique,  1895,  p.  62  of  reprint. 
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olive  is  about  the  only  other  fruit  tree  which  is  able  to  stand  wkhis 
injury  the  fierce  heat,  intense  light,  and  the  driving  sand  stuna? « 
the  Sahara,  and  even  the  olive  itself  grows  better  and  yields  ibot 
fruit  if  planted  under  the  protecting  shelter  of  the  date  palm,  it*' 
other  fruit  trees,  such  as  the  apricot,  peach,  almond,  pomegranate.  ^ 
and  jujube,  can  be  grown  successfully  in  the  Sahara  only  in  the  stii 
of  other  trees,  and  do  best  where  grown  under  the  date  palm.  laL^ 
northernmost  oases  of  the  Sahara  the  dates  are  frequently  of  inferki 
quality,  whereas  the  other  fruit  trees  do  better  here  than  in  the  hoit ' 
and  drier  regions  farther  south.  Many  of  these  northern  oas^s  k^v. 
veritable  orchards  growing  under  the  half  shade  furnished  by  tfc 
crown  of  slender  leaves  of  the  date  palms  far  above.  This  is  wel 
shown  in  Plate  XII,  which  represents  a  fig  orchard  growing  under  4u* 
palms  at  Chetma,  Algeria.  It  sometimes  happens  that  vegetable-  sr 
grown  under  the  fruit  trees,  in  which  cjise  it  is  possible  to  see  thr?' 
crops  occupying  the  soil — first,  the  date  palm,  towering  far  a'tKi-*T 
then  the  fruit  trees,  and  under  them  the  more  delicate  and  shmle-loviisi 
gju'den  vegetables.  It  is  not  at  all  impossible  that  in  some  parts  of  oa 
own  Southwest  the  date  palm  ma^^  prove  very  useful  in  the  manDc: 
above  descri])ed,  serving  as  a  shelter  and  partial  shade  to  more  delict 
fruit  trees  which  thrive  perfectly  in  regions  where  the  sununers  an 
far  too  cool  to  allow  of  the  culture  of  the  best  sorts  of  dates. 

IBBIGATIOK  OF  THE  DATE  PAIiM. 
AMOUNT  OF   WATER  NECESSARY   FOE  A   DATE   TALM. 

The  date  palm  requires  a  continuous  supply  of  moisture  about  tb* 
roots  and  can  not  maintain  itself  in  as  drv  a  soil  as  can  some  de?<r 
plants.  Much  experience  has  been  accumulated  b}^  the  French  planter 
in  the  Algerian  Sahara  as  to  the  amount  of  water  necessarj^  to  enali. 
a  date  palm  to  grow  and  fruit  well.  M.  Jus,  the  celebrated  civil  engi 
neer,  who  has  done  so  much  to  reclaim  the  northern  Sahara  hy  a  stuuj 
of  its  artesian  water  supph',  considers'*  that  each  palm  tree  requin- 
one-third  of  a  liter  (0.85  quart)  per  minute  at  the  flowing  well  or  maia 
irrigating  canal,  and  pahns  which  receive  from  0.4  to  0.5  of  alitor 
(0.42  to  0.53  quart)  per  miiuite  are  more  vigorous  and  yield  more  fruit 
even  if  crops  are  grown  underneath.  If  each  tree  receives  0.35  quart 
per  minute  this  would  amount  to  126  gallons  per  day,  or  about  IT 
cubic  feet.  At  1  pint  per  minute  the  daily  consumption  would  be  1*^' 
gallons,  or  a  little  more  than  24  cubic  feet.  These  data  are  not  for 
the  amount  of  water  actually  f  ui'nished  the  trees,  but  for  the  amount 
which  must  be  allowed  for  each  tree  at  the  head  of  the  principal  irri- 
gating canals.  Of  course  some  of  the  water  is  lost  by  evaporatic* 
and  seepage  before  it  reaches  the  palms. 

ojus,  II.     Lee  oa.Mis  de  r()uc<l  Kir',  Paris  (Challamel),  1884. 
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.  Holland,  who  has  written  a  very  complete  account  of  the  water 
ply  of  the  Algerian  Sahara,"  and  who  is  himself  one  of  the  mem- 
sx-s  of  a  firm  which  has  created  extensive  date  plantations  in  the  Oued 
Lx*h  country,  in  the  Algerian  Sahara,  considers  that  one-half  liter 
•  S3  quart)  per  minute  should  be  allowed  to  each  palm  to  secure  the 
^fc*t  results. 

IVI.  le  commandant  Rose,  himself  an  experienced  planter,  has  pub- 
ihed  a  most  detailed  statement*  regarding  the  practice  of  irriga- 
z>T\  in  the  Oued  Rirh  country,  where  the  water  supply  is  furnished 
^  artesian  wells.  He  recommends  24  irrigations  of  3  cubic  meters 
1>!2.5  gallons)  each,  making  72  cubic  meters,  or  19,021  gallons  during 
lo  3'ear.  During  the  hot  season,  from  June  to  September,  inclusive, 
eekly  irrigations  are  practiced,  17  in  all,  consuming  51  cubic  meters, 
r  13,473  gallons  per  tree,  which  is  at  the  rate  of  about  113  gallons 
Br  day,  or  about  0.314  quart  (0.3  liter)  per  minute,  the  lowest  of  the 
ix*ee  estimates.  During  the  autumn  and  winter  2  irrigations,  and 
ixring  spring  5  irrigations,  are  prescribed. 

When  the  supply  of  water  is  invariable,  as  for  example  the  flow 
roni  an  artesian  well,  it  is  necessary  to  plant  only  the  number  of 
a^lnis  that  can  be  properly  irrigated  by  the  available  water  supply 
u ring  the  hot  season,  when  the  amount  needed  is  greatest.  Where 
rrigation  is  practiced  by  means  of  water  conducted  from  rivers  or 
rom  stonige  reservoii^s  in  canals,  as  is  the  case  in  most  of  the  arid 
egfions  of  the  Southwest,  it  will  be  even  more  necessary  to  determine 
are  fully  how  much  water  can  be  had  in  summer  to  avoid  planting 
no  re  dates  than  can  be  properly  irrigated. 

In  the  plantations  made  recently  by  French  proprietors  in  the  Alge- 
ian  Sahara,  the  date  palms  are  usually  set  out  8  meters,  or  26  feet, 
tpart,  making  143  to  the  hectare,  or  60  to  the  acre.  Some  of  the 
>lanters  consider  this  distance  too  small  and  plant  about  10  meters  (33 
•eet)  apart,  making  about  40  to  the  acre,  while  others,  among  them  the 
jelebi'ated  civil  engineer  Kolland,  consider  200  to  the  hectare,  or  about 
JO  to  the  acre,  as  being  the  best  number  to  plant. 

Taking  60  to  the  acre,  26f  feet  apart,  as  a  good  number  to  plant,  the 
iinount  of  water  needed  per  acre  can  easily  be  calculated.  Using 
Rose's  estimate  of  19,021  gallons  per  tree  per  annum,  3i  acre-feet  of 
Bvater  would  be  required,  of  which  21  acre-feet  would  be  used  during 
the  four  summer  months  from  June  to  September,  inclusive.  Using 
Jus's  estimate,  which  puts  the  least  amount  necessary  at  one-third 

a  Rolland,  Georges.  Hydrologie  du  Sahara  alg^»rien  (chemin  de  fer  transBaharien), 
Paris,  Imprimerie  Rationale,  1894,  p.  9. 

&  **La  culture  du  dattier  dans  le  sud  conHtantinois,  par  un  homme  du  eud."  Alger. 
1898,  Pierre^  Fontana  &  Cie,  Paris,  Augustin  Challamel.  8°.  20  pp.  The  identity 
of  the  author  of  this  pamphlet  was  disjclosed  by  Rolland  (Hydrologie  du  Sahara 
alg^rien,  p.  167). 
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liter  (n.3J>  quart)  pi»r  minute,  or  126  gallons  per  day,  a  trifle  over* 
a<^Te-fiM»t  would  l>e  nH^uired,  of  which  nearly  3  acre-feet  would  be  used 
in  the  four  hottest  months,  from  June  to  September,  inclusive.  On 
the  ]m>is  of  Kolland's  estimate,  which  is  also  given  by  Jus  as  the 
optimum  i|uantity,  viz,  one-half  liter  (0.53  quart)  per  minute,  or  1**) 
jpallons  p*»r  djiy.  Mime  oj  ai*re-feet  a  j'ear  would  be  required,  of  whic^ 
4  u<'re-f(^'t  would  f>e  used  during  the  four  summer  months,  or  at  tJbe 
nite  of  !♦)  acre-feet  per  annum. 

The  amount  of  water  needed  per  acre  depends  of  course  directly  oc 
the  nurnlK^r  of  date  palms  per  acre,  and  in  planting  care  sbouM  He 
taken  not  to  set  out  more  than  can  be  irrigated  with  the  water  supply 
cover! iijr  the  land. 

It  must  he  rememlx»red  that  the  figures  given  above  are  for  the 
western  Sahani,  a  rej^ion  noted  for  its  extreme  dryness,  where  the 
evaponition  from  a  free  surface  of  water  often  averages  nearly  one- 
half  inch  per  day  during  the  three  summer  months — June,  July,  and 
Auofust.  It  i.s  prolmble  that  a  smaller  amount  of  water  would  suffice 
in  rc^j^ions  where  the  air  is  not  so  dry  and  consequently  where  the 
evaponition  is  U\ss,  as,  for  example,  in  the  Salt  River  Valley  and  most 
other  |)jirts  of  southern  Arizona,'*  while  in  hotter,  drier  regions,  such 
as  thi^  Salton  Ifesin,  even  more  will  1)0  required.  In  the  latter  regii^ 
it  will  be  well  to  allow  only  about  12  palms  to  each  acre-foot  of  water 
avaihil)le,  and  this  only  if  the  water  can  be  had  whenever  desired  durif^ 
the  sunnner.  This  would  pemiit  planting  some  50  date  palms  to  the 
acre  whore  4  acre-foet  of  water  are  available  whenever  needed  during 
the  vear. 

It  must  ]>c  remembered  in  considering  the  needs  of  the  date  palm 
that  the  water  supply  must  be  practically  continuoas;  that  is  to  say, 
that  the  ground  must  in  some  way  l)e  kept  damp  throughout  the  entire 
year.  It  is  pr()])a})le,  however,  that  the  date  palm  does  not  re<iuire»s 
much  water  as  do  ordinary  fruit  trees.  It  is,  indeed,  probable  thaU 
owing  to  their  having  thick,  leathery  leaves,  protected  by  a  coating 
of  wax,  they  cvapomte  a  considerably  less  quantity  than  would  an  ordi- 
nary fruit  tree  having  delicate  leaves  not  adapted  to  withstand  the  hot 
dry  air  of  desi^rts.     It  is  nevertheless  necessary  for  the  roots  to  have 

«  At  Tucson,  Ariz.,  the  average  of  three  years'  recortis  taken  at  the  Univeraity  gi\-es 
the  annual  evai)onition  from  a  frt»e  surface  of  water  at  77.7  inches,  and  the  ave^^^' 
rate  during;  the  three  liottcst  niontlis,  June,  July,  and  August,  at  one-third  inch  per 
day.  At  Tenij)e,  in  the  Salt  River  Valley,  Arizona,  a  calculation  by  the  United  States 
Geological  Survey  from  imjierfect  data  gives  91  inches  as  the  probable  anntuJ  evapo- 
ration. At  Biskra  the  careful  nniords  of  M.  Colombo  show  a  mean  annual  cxupon- 
tion  during  the  ten  ye^ars  from  1884  to  1893  of  2.8374  meters,  or  111.7  inches,  averaging 
12.47  mm.,  or  0.4915  inch  (very  nearly  one-half  inch)  per  day  during  June,  July,  and 
August.  In  the  Oued  Rirh  country,  where  most  of  the  observations  relative  to  the 
amount  of  water  necessary  for  irricrating  date  palms  have  been  made,  the  rainfall  is 
less  than  at  Biskra  and  the  temp.^rature  higher,  so  the  evaporation  is  doubtless  greater. 
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5ess  to  moist  earth  throughout  the  entire  year,  since,  as  has  been 
.ted  above,  the  date  palm  is  not  at  all  a  desert  plant,  in  the  sense  of 
Ing  able  to  exist  on  very  dry  soil,  and  would  die  in  many  of  the  situ- 
►ns  in  the  Southwest  where  cacti  and  yuccas  thrive. 
Where  the  supply  of  irrigation  water  is  limited,  as  at  Biskra,  where 
ere  is  only  0.12  liter  per  minute  available  for  each  palm  and  where 
e  soil  is  very  heavy  and  consequenth^  difficult  to  saturate,  irrigation 
commonly  practiced  by  filling  up  with  water  a  cavity — '^dahir" — 
cavated  at  the  base  of  the  tree  (PL  XVII,  fig.  2,  and  Yearbook,  1900, 
..  LV,  fig.  3).  Where  water  is  more  abundant  and  especiall}^  where 
ops  are  grown  under  the  palms  it  is  customary  to  flood  the  whole 
I rf ace  of  the  ground,  the  land  being  divided  into  small  beds  from  10 
•  30  feet  in  diameter,  which  are  surrounded  by  a  slightly  raised  rim 
*1.  XVII,  fig.  1).  When  irrigated  the  whole  bed  is  flooded,  the  water 
ding  retained  by  the  surrounding  ridge.     A  larger  amount  of  water 

required  when  applied  in  this  manner  than  would  be  necessary  if 
oured  into  a  trench  at  the  side  of  the  palm,  but  the  alkali  is  washed 
ito  the  subsoil  by  surface  flooding,  whereas  it  is  brought  to  the  sur- 
ice  by  the  trench  system,  which  should  never  be  followed  in  danger- 
osl}'  alkaline  soils.  In  the  Salton  Basin  in  particular,  where  the 
ibsoil  is  often  heavily  charged  with  alkali,  the  land  should  always  be 
ratered  by  flooding  or  else  by  deep  furrows,  even  where  the  surface 
Dil  does  not  contain  harmful  quantities  of  alkali.^ 

Where  there  is  water  at  a  short  distance  from  the  surface  within 
each  of  the  roots,  as  is  the  case  in  the  area  about  the  Cooperative  Date 
Jarden  at  Tempe,  Ariz,  (see  Pis.  XXI  and  XXII),  at  Farfar,  Algeria, 
a  the  western  Zub,  between  Fougala  and  Biskra,  Algeria  (PI.  XIV, 
ig.  1,  and  Yearbook,  1900,  PL  LIX,  tig.  7),  and  in  the  Souf  country 
n  the  Sahara  (tig.  8,  p.  69)  the  amount  of  water  required  for  irriga- 
ion  is  less  when  once  the  palms  have  become  established.  They  can 
5ven  exist  without  any  irrigation  whatever  from  the  surface,  although 
n  this  event  they  do  not  grow  as  well  and  bear  very  much  less  fruit, 
probably  because  of  imperfect  aei'ation  of  the  soil  about  the  roots  and 
i)ecause  of  the  continual  rise  of  alkali  from  the  subsoil,  as  will  be 
explained  in  the  chapter  on  drainage. 

Well  aerated  running  water  is  desirable  for  date  palms  and  water- 
logging of  the  soil  must  be  prevented.  If  these  conditions  are  fulfilled 
this  plant  can  live  and  thrive  when  irrigated  with  water  so  salty  as  to 
kill  all  ordinary  plants,  as  will  be  shown  later  in  treating  of  the  alkali 
resistance  of  the  date  palm. 

a  Snow,  Hilgard,  and  Shaw  (in  Bui.  140,  Cal.  Exp.  Sta.,  pp.  36-39)  recommend 
for  the  Salton  Basin  first  washing  the  alkali  down  by  surface  flooding  and  then  pre- 
venting its  subsequent  rise  by  deep-furrow  irrigation.  However,  the  date  pahn  is 
not  sensitive  to  surface  accumulation  of  alkali  when  once  established,  as  will  he 
shown  farther  on  (see  p.  117). 
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IiTi<(ati()n  by  means  of  flooding  is  sometimes  pi'aeticed  in  E^'P^  ^J 
the  date  palm,  as  has  l)een  done  for  all  sorts  of  crops  since  reroefe 
antiijuit}'.  The  water  covers  the  land  to  a  depth  ranging  from  a  f?« 
inches  to  several  feet  (see  PL  XI),  and  remains  on  the  soil  for  aVicd 
six  weeks.*  This  method  of  irrigation  is  not  likely  to  prove  de-^ira^* 
anywhere  in  this  country  unless  it  be  in  the  flood-plain  of  the  Colorsiie 
Kiver  in  California  and  Arizona  (see  p.  131).  It  may  be  desimblr  i: 
use  this  method  of  flooding  in  oixier  to  wash  the  alkali  out  of  the  >ar' 
face  layer  of  the  soil  where  the  accumulation  of  alkali  in  the  upf»^r 
layers  of  the  soil  is  so  great  as  to  prevent  the  best  growth  of  the  (ke 
pihn.  It  is  of  interest  in  this  connection  to  note  that  the  Egrptki 
date  palms  are  able  to  endure  liaving  their  roots  submerged  for  loci 
periods  without  appreciable  injury. 

Mr.  I).  G.  Fairchild  has  described  a  very  interesting  system  of  coa- 
bined  irrigation  and  drainage  practiced  in  the  date  plantations  aloif 
the  Shat-el-Arab  River  at  the  head  of  the  Persian  Gulf,  which  ai^ 
doubtless  the  most  extensive  in  the  world.  The  lev^el  vallev  la^l 
along  the  river  is  cut  up  into  small  rectangles,  10  to  15  by  20  to  SO  feet 
on  a  side,  by  irrigation  ditches,  through  which,  twice  a  day,  wata 
flows  when  the  river  is  backed  up  by  the  tide.  As  the  tide  recede 
the  water  flows  out  of  the  ditches,  preventing  stagnation  and  caus- 
ing a  lowering  of  the  water  level  in  the  soil.  The  soil  is  doubtlfrt 
thoroughlv  aerated  bv  this  alternate  rise  and  fall  of  the  level  of  the 
ground  water.  By  this  interesting  system  of  tidal  irrigation,  which. 
without  any  trouble  beyond  the  first  labor  of  digging  the  ditches  pn> 
vid(\s  for  very  jx^rfect  w^atering,  drainage,  and  aeration  of  the  soil.dat^ 
palms  thrive  in  this  region  where  the  soil  is  as  pure  an  adobe  as  the 
clav  of  a  brickvard.^ 

Such  a  system  of  combined  irrigation  and  dminage  can,  of  course,  be 
applied  only  where  a  river  is  backed  up  by  high  tides.  Xo  such  coi- 
ditions  occur,  or  at  least  not  on  anv  considerable  scale,  within  the  date 
regions  of  the  United  States,  since  the  region  along  the  Sacramento 
River  in  California  where  tidal  irrigation  can  be  practiced  is  so  cooW 
in  summer  by  the  cold  winds  and  fogs  from  the  Pacific  that  none  bat 
the  very  earliest  sorts  of  dates  could  mature.  Along  the  Colorado 
River,  near  its  mouth  in  Mexico,  it  is  possible  that  tidal  irrigatioD 
could  Ik?  used  in  date  culture,  since  the  tides  in  the  Gulf  of  C^lifomii 
are  very  high  and  the  climate  and  soil  in  this  region  are  favorable  to 
the  culture  of  earlv  and  midseason  dates.** 

"Kearney,  Thos.  H.,  and  Moans,  Tlnys.  H.  Crops  use<l  in  the  rei'Iamation  (^ 
alkali  lands  in  l^ypt,  YearlxH)k,  Department  of  Agriculture,  liH)2,  p.  »504. 

'^  FairehiM,  I).  G.  Persian  CJulf  Dates  and  Their  Introciuction  into  America.  Bnl 
No.  54,  Bureau  of  Plant  In<lnstry,  U.  8.  Department  of  Agriculture,  1903,  p.  14. 

<■  However,  the  head  of  tide  water  is  only  aln^ut  fifteen  miles  alxive  the  mouth  f^t 
the  river  (as  may  1h»  s^^vn  on  tiir.  10,  p.  102),  and  n>ns<»tjuently  there  is  not  rtKnutor 
such  immense  date  plantations  as  tliose  tles<Til>ed  hv  Fairchild  around  Bas^rah. 
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Ln  many  parts  of  California  and  possibly  in  some  parts  of  Arizona 
ire  is  enough  rainfall  to  support  the  date  palm  without  irrigation 
^e  p.  124).  The  Wolfskill  date  palm  at  Winters,  Cal.,  for  example, 
never  irrigated,  yet  bears  abundant  crops  of  good  dates  every  year. 
In  regions  where  the  winters  are  very  cold  it  is  unwise  to  irrigate 
te  in  summer,  except  when  necessary  to  keep  the  palms  alive,  since 
^undant  watering  forces  a  tender  new  growth,  which  is  likely  to  be 
lied  by  the  freezes  of  the  succeeding  winter.  At  Tulare,  in  the  San 
>aquin  Valley,  California,  where  there  are  from  0  to  34  severe  frosts 
^ery  winter  and  where  the  temperature  sometimes  falls  as  low"  as 
r°  F.  or  lower,  the  gardeners  of  the  substation  of  the  Agricultural 
xperiment  Station  consider  it  unwise  to  irrigate  date  palms  after  the 
lonth  of  June. 

W^ARM   IRRIGATION    WATER  ADVANTAGEOUS. 

The  growth  of  the  date  palm  and  the  maturing  of  its  fruit  are 
astened  by  supplying  warm  water  to  the  roots.  For  example,  in 
he  oasis  of  Chetma,  Algeria  (see  PI.  XII  and  Yearbook,  1900,  PI. 
jIX,  fig.  8),  largely  supplied  with  water  from  warm  springs  having 
.  temperature  of  94.1^  F.  (34.5  C),  the  Deglet  Noor  date  ripens 
tarly  in  the  season,  especially  on  those  trees  growing  near  the 
iprings  and  which,  consequently,  receive  warm  water  even  in  winter 
md  early  spring,  when  the  air  is  still  cold.  Biskra,  near  by  and  at 
learly  the  same  level,  though  less  protected  against  cold  winds,  is 
ilso  irrigated  largely  from  springs,  but  the  temperature  of  the  water 
[>f  these  springs  is  only  70'^  to  81-  F.  (21.5^  to  27.33^  C),  and  the 
water  is  cooled  in  winter  and  spring  by  admixture  with  the  run-off 
from  the  Atlas  Mountiiins  to  the  north  and  by  flowing  a  couple  of 
miles  in  open  canals  before  it  reaches  the  nearest  date  palms.  Here 
the  Deglet  Noor  date  does  not  mature  so  well  as  at  Chetma  and  is  not 
of  the  best  quality.  The  artesian  wells  of  the  Oued  Rirh  country  (see 
map,  PL  II,  p.  70)  furnish  water  of  a  temperature  ranging  from  7(5.3'^ 
to  79^  F.  (24.0'^  to  26.1-  C),  and  in  the  Souf  country  the  ground  water 
to  which  the  palms  send  down  their  roots  is  much  colder,  having  a 
temperature  of  only  57.2  to  (>S  F.  (14  to  20""-  C.);  but  in  these  regions 
the  summer  heat  is  much  gi-eater  than  at  Biskra  and  usually  suflices  to 
enable  the  Deglet  Noor  to  mature  i)erfectly. 

In  the  Salt  River  Valley,  Arizona,  the  irrigation  water  is  conveyed 
in  open  canals  mostly  shaded  l)y  cottonwood  trees.  The  temperature 
of  the  water  naturally  varies  with  the  season.  In  June,  when  the  tem- 
perature of  the  air  ranged  from  82  to  104'-  F.,  Professor  McClatchie 
found  the  temperature  to  range  from  73'-  to  94"^  F.  in  the  canals  and 
from  82^  to  88'-  F.  in  the  smaller  irrigating  ditches.  It  should  be 
noted  that  in  June  the  supply  of  irrigating  water  is  less  than  for  any 
other  month  of  the  3^ear,  and  probably  in  February,  March,  and  April, 
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when  the  canals  are  full  of  the  water  from  melting  snows  on  the  sur- 
rounding mountains,  the  temperature  would  be  much  lower. 

The  Salton  Basin  is  supplied  with  water  diverted  from  the  Colorado 
River  near  Yuma  and  conducted  some  40  to  60  miles  in  open  ditches 
before  it  is  put  on  the  land.  The  annual  overflow  of  the  Colorado 
River  occurs  in  early  summer,  usually  in  June  or  July,  and  is  caused 
by  the  melting  of  the  snows  on  the  Rocky  Mountains  in  Colorado, 
Utah,  and  Wyoming.  This  cold  water  fortunately  reaches  the  Colo- 
rado Desert  at  a  time  when  the  heat  is  great,  so  that  in  flowing  in  the 
large  open  canals  and  in  the  shallow  laterals  and  in  soaking  through, 
the  hot  surface  layers  of  the  soil  it  will  undoubtedly  be  warmed  con- 
siderably before  it  reaches  the  roots  of  the  date  palms.  On  the  whole 
the  conditions  are  exceptionally  good  in  the  Salton  Basin,  for  the  most 
abundant  supply  of  water  occurs  in  earlv  summer  or  midsummer,  just 
when  the  plants  have  greatest  need  for  it. 

The  annual  overflow  of  cold  waters  from  the  melting  snows  is  doubt- 
less the  principal  cause  of  the  failure  of  the  date  palms  to  mature  their 
fruit  properly  on  Mr.  Hall  Hanlon's  place  in  the  Colorado  River  flood 
plain  in  California,  near  Yuma,  Ariz,  (seo  PI.  XX,  fig.  2).  The  tempera- 
ture of  the  soil  and  of  the  air  in  this  overflowed  area  and  in  adjoining 
areas  at  nearly  the  same  level  is  doubtless  much  lower  than  at  the 
town  of  Yuma,  for  instance. **  Even  at  Yuma  the  summer  heat  is  less 
than  at  Phoenix  and  very  much  lesr.  than  in  the  Salton  Basin.  It  is 
clear  then  that  no  conclusion  unfavorable  to  the  culture  of  dates  in  the 
Salton  Basin  can  be  drawn  from  the  failure  of  these  palms  in  the  flood 
plain  to  mature  their  fruit.  Early  varieties,  such  as  the  Rhars  and 
Teddala,  will  probably  ripen  even  on  these  overflowed  lands  (see  p.  132). 

DRAINAGE  FOB  THE  DATE  PAIiM. 

Although  the  date  palm  can  withstand  ver}^  nmch  more  alkali  than 
any  other  crop  plant,  it  does  not  endure  having  the  soil  about  the  roots 
water-soaked.  Good  drainage  is  as  essential  for  it  as  for  an3'  other 
fruit  tree  if  good  crops  arc  to  be  expected,  and,  unless  the  soil  drains 
naturally,  the  superfluous  water  must  be  removed,  usually  Y)y  means  of 
open  ditches  or  with  tile  drains.  Proper  aeration  of  the  soil  al)out 
the  roots  is  essential  to  enable  the  date  palm  to  grow  well  and  jneld 
abundantly  (see  p.  80).  Good  drainage  also  permits  the  alkali  to  be 
washed  out  of  the  soil  by  means  of  heavy  irrigation,  and,  doubtless, 
this  also  favors  the  growth  of  tho  palms.  It  is,  however,  worthy  of 
being  noted  that  the  excessively  alkaline  water  which  flows  off  in  the 
drainage  ditches  is  used  in  some  parts  of  the  Sahara  to  irrigate  date 
palms  which  occupy  land  lying  at  a  lower  level.     Such  palms,  though 

«  According  to  Mr.  Bernard  G.  Johnson,  of  Mecca,  Cal.,  there  is  a  drainage  of  cold 
air  from  the  hills  toward  Mr.  Ilanlon's  date  plantation  which  renders  it  one  of  the 
coldest  ^ites  in  the  vicinity  of  Yuma. 
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less  vigorous  than  those  rect^iving  ^ood  water,  nevertheless  produce 
moderate  crops  of  fruit  (sec  p.  1)8). 

In  most  date  plantations  made  by  the  French  in  the  Sahara,  drainage 
is  provided  by  means  of  open  ditches  from  2  to  6  feet  deep,  running 
between  alternate  rows  of  palms,  or  at  distances  of  about  50  feet 
apart  (see  PL  XVII,  tig.  1).  Very  unusual  conditions  of  drainage  are 
found  at  the  oasis  Fougala,  Algeria  (see  PI.  XV,  fig.  1),  a^s  will  be 
explained  in  treating  of  the  alkali  soils  collected  at  that  place  (pp.  78 
and  84).  The  superfluous  water  there  runs  off  through  holes  in  an 
impervious  hardpan,  and  the  downward  flow  of  water  through  the 
holes,  induced  by  surface  irrigation,  has  washed  the  alkali  out  of  the 
surface  soil,  has  aerated  the  subsoil,  and  has  had  marvelous  effects  in 
promoting  the  growth  and  increasing  the  j'iold  of  the  date  palms, 
which  had  managed  to  live  for  years  before  surface  irrigation  was 
begun  with  the  supply  of  water  absorbed  by  the  roots  from  below  the 
hardpan  layer. 

It  will  doubtless  bo  found  necessary  to  irrigate  date  palms  about 
Tempe,  Ariz.,  even  where  their  roots  penetrate  to  the  subsoil  con- 
stantly wetted  b}'  the  water  that  seeps  down  from  the  irrigated  fields 
located  at  higher  levels.  Unless  this  is  done  the  palms  are  likely  to 
become  stunted  and  sterile,  as  they  were  at  Fougala  before  surface 
irrigation  by  artesian  water  was  commenced. 

The  presence  of  a  hardpan  layer,  as  at  Fougala,  ma}'-  be  advanta- 
geous in  providing  a  means  of  drainage  through  holes  made  under  each 
tree,  while  at  the  same  time  confining  the  drainage  water  l)elow  the 
hardpan,  thereby  preventing  its  rising  to  the  surface  by  capillarity 
and  carrying  with  it  the  alkali  of  the  subsoil.  When  no  hardpan 
exists,  as  at  Tempe,  a  certain  amount  of  drainage  can  nevertheless  be 
accomplished,  since  the  water  applied  at  the  surface  drains  into  the 
great  body  of  ground  water,  which  has  a  practically-  constant  level 
unless  raised  by  excessive  irrigation.  In  case  the  subsoil  is  too 
impervious  to  permit  quick  seepage  from  the  surface  to  the  ground 
water,  outlets  for  drainage  water  can  sometimes  Ijc  provided  advan- 
tageously by  putting  down  wells. 

In  most  parts  of  the  Salt  River  Valley  the  natural  drainage  is  good 
and  no  ditches  or  tile  will  be  needed.  In  the  Salton  Basin  drainage  is 
impeded  by  the  impervious  nature  of  the  clay,  which  occurs  in  many 
places  as  surface  soil  and  nearly  everywhere  as  subsoil.  Drainage  is 
especially  desirable  here,  for  the  subsoil  is  often  laden  with  alkali 
even  where  the  surface  soil  is  free  from  harmful  quantities  of  salts. 
Natural  drainage,  nevertheless,  will  probably  suffice  for  the  date  palm 
in  many  parts  of  this  region,  provided  the  level  of  the  ground  water 
is  not  raised  too  high  by  excessive  and  ill-timed  irrigation.  In  some 
places,  where  natural  drainage  is  insufficient,  occasional  open  ditches 
will  provide  adequate  drainage,  especially  where  the  soil  is  a  sandy 
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loam  or  a  loam.  The  lands  lying  near  the  New  River  or  Salton  River 
beds,  or  near  Mesquite  or  Salton  Lake,  can  be  drained  into  these 
lower  levels,  and  in  many  other  places  wells  may  be  put  down  to  pro- 
vide an  outlet  of  drainage  water  into  the  great  body  of  ground  water 
which  lies  from  20  to  50  feet  below  the  surface.  Though  required 
for  the  best  growth  and  successful  fruiting  of  the  date  palm,  drainage 
is  less  necessary  than  for  most  other  trees.  Even  if  the  ground  water 
of  the  Salton  Basin  rose  to  within  reach  of  the  roots  it  would  not  kill 
the  date  palm,  for,  although  this  ground  water  is  very  brackish,  con- 
taining from  0.4  to  0.6  per  cent  of  dissolved  salts,  and  would  kill  most 
ordinary  plants,  it  is  less  alkaline  than  some  of  the  artesian  water  used 
to  irrigate  flourishing  date  plantations  in  the  Oued  Rirh  country  in 
the  Sahara  (see  pp.  86  and  121). 

EFFECTS  OF  ATMOSPHEBIC  HTTMIDITT  AND  BAIN  ON  THE  BATE 


An  essential  requirement  of  the  dkte  palm,  in  order  that  it  may  pro- 
duce fruit  of  the  best  qualitj^  is  that  the  air  be  very  dry  during  the 
season  when  the  fruit  is  developing.  Regions  having  abundant  sum- 
mer rains,  and  even  those  having  a  heavy  precipitation  in  autumn,  are 
unsuitod  to  the  profitable  culture  of  this  tree,  but  rains  in  winter  ma}- 
be  beneficial.  It  has  usually  been  held  that  the  presence  of  humidity 
in  the  air  is  directly  disadvantageous,  but  it  is  probable  that  the  chief 
action  of  water  vapor  in  the  atmosphere  is  indirect  and  results  from 
its  peculiar  action  in  screening  out  the  heat  from  the  sun's  rays'*  and 
thereby  preventing  the  temperature  from  going  to  the  excessively 
high  degree  necessary  to  ripen  the  fruit  properly.  The  same  dry  air 
which  allows  excessive  heating  during  the  day  permits  an  equally  great 
fall  of  temperature  by  radiation  into  a  cloudless  sk\^  at  night  and 
brings  about  the  enormous  daily  range  of  temperature  characteristic 
of  desert  regions.  The  date  palm,  however,  sufl'ers  no  check  from 
cool  nights,  unless  the  temperature  falls  below  a  point  somewhere 
about  IS'^  C.  (64.4°  F.),  and  is  favored  by  excessively  high  temper- 
atures, which  are,  indeed,  necessary  for  the  production  of  dates  of  the 
highest  quality. 

Table  1,  on  the  following  page,  gives  the  mean  relative  humidity  at 
four  points  where  the  date  palm  is  grown,  for  the  months  of  April  to 
September,  inclusive. 

«  Very,  Frank  W.  Atiiioepheric  Kadiation.  Bui.  G,  Weather  Bureau,  U.  S.  Dept 
of  Agriculture,  1900. 
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T.^BLE  1. — Humidity  of  Hie 

air  at  four 

desert  stations  where  dales  are  grdwn. 

Locality. 

Altitude. 

Mean  rela- 
tive hu- 
midity of 
six  months, 
Apr.  1  to 
Sept  30. 

Mean  rela- 
tive hu- 
midity of 
driest 
month. 

Kemarks. 

Ghardaia.  Alireria 

Fed. 
1,804 
449 

1,068 

2.432 

Percent. 
23 
30 

33 

86 

Per  cent. 
14  (July) 

Dates  are  of  excellent  auAlitv.  i 

Biskra,  Alsrena 

25  (June)  '  Dates  are  largely  grown,  but  are 

Phoenix.  Ariz 

not  of  the  be.«5t  quality. » 
24  (June)     Dates  of    the  earlier   sorts  ripen 
well. ' 
19.9  (June)      Dates  rinen  imoerfectlv  here,  uro- 

Tucson.  Ariz 

bably  oecause  of  deficient  sum- 
mer heat  at  this  altitude;  pos- 
sibly also  because  of  too  great 
humidity.* 

1  Records  of  Dr.  Amat  for  the  years  1883, 1888,  and  1889. 

«Schlrmer,  Sahara,  p.  6-1. 

3  Records  of  Weather  Bureau  Station,  completed  by  A.  J.  McClatchie,  Bui.  37,  Ariz.  Agr.  Ex.  Sta., 
p.  209.  average  of  five  years'  record. 

*  Boggs  and  Barnes,  Bui.  27,  Ariz.  Agr.  Ex.  Sta.,  p.  37,  record  for  the  years  1892-1894.  The  mean 
for  October  is  36.3  per  cent. 

The  following  averages  show  the  amount  of  atmospheric  humiditj' 
at  Phoenix  and  Tucson,  Ariz.,  for  each  month  from  the  flowering  to 
the  ripening  of  the  fruit  of  the  date  palm,  and  a  partial  record  from 
Ghardaia,  Algeria: 

Table  2. — Mean  relative  humidity  at  desert  stations  during  daie  season,  • 


Locality. 


Phoenix 
Tuc*5on.. 
Ohardaia 
Do.., 


Length  of 
record. 


5  years , 

3  years 

1  year  (1883) 
3  years , 


April. 


38.0 
28.1 
28.1 


May. 


June. 


26.0 
26.5 
37.5 


I 


24.0 
19.9 
32.3 
23.0 


July. 


37.0 
42.8 
11.9 
14.0 


Aug. 


40.0 
51.8 
14.4 
19.0 


Sept. 


39.0 
39.6 
22.1 


Oct 


40.0 
36.3 


Nov. 


43.0 
40.2 


Average, 
April  to 
Novem- 
ber. 


35.25 
35.52 


The  occurrence  of  a  well-defined  rainy  season  in  July  and  August  in 
southern  Arizona  causes  the  humidity  for  those  months  to  be  much 
higher  than  it  is  in  the  Sahara,  where  all  three  summer  months  are 
very  dry. 

The  following  table  showing  the  average  rainfall  for  each  month  at 
Biskra  and  Ayata  in  the  Sahara,  at  Phoenix  and  Yuma,  Ariz.,  and  at 
Salton,  in  the  Salton  Basin,  California,  brings  out  this  difference  in 
climate: 

Table  3. — Mean  monthly  rainfall^  in  inrhes,  at  Biskray  Ayata,  PJioenix,  luma,  and 

Salton, 


Locality. 


Biskm,  .\lgeriai 
Avnta,  Algeria  2. 
Phoenix,  Ariz.*. 

Yuma,  Ariz 

Saltern.  Gal.*.... 


Jan. 


0.52 
.0« 
.57 
.40 
.43 


Feb. 

Mar. 

1.38 

Apr. 

May. 
0.83 

June. 

0.fy4 

0.94 

0.33 

.27 

1.06 

1.06 

.16 

0 

.89 

.68 

.80 

.16 

.07 

.54 

.24 

.07 

.(M 

T. 

.62 

.21 

T. 

.07 

T. 

July.]  Aug. ! Sept. 


0.25  ;  0.26     0.57  .  0.64 


0 

0 

.04 

.a5 

.97 

.54 

.14 

.37 

.14 

.19 

.14 

.13 

Oct. 

Nov. 
0.93 

Dec. 

0.64 

2.17 

.12 

1.21 

.53 

.62 

.44 

1.12 

.30 

.28 

.58 

.12 

.12 

.55 

Year. 


9.46 
4.53 
7.21 
3.05 
2.56 


» Records  of  M.  Colombo, published  by  Marcassin  in  Annalcs  de  I'lnst.  Nal.  Agronom.,  1896, 10  years. 

i  Records  of  M.  Cornu,  read  from  charts  exhibited  at  Pari.s  Exposition,  1900.  4  years. 

"Records  of  the  Weather  Bureau,  compiled  by  Thos.  H.  Means.  Second  Rep.,  Div.  of  Soils,  U.  S. 
Department  of  Agriculture.  1900.  p.  292. 

^Recordnof  the  Weather  Bureau,  compiled  by  Prof.  Alexander  (}.  McAdic,  California  Climate  and 
Crop  Service,  April,  1901,  12  years. 
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During  July  and  August  more  than  three  times  as  much  rain  falls  at 
Phoenix  as  at  Biskra,  although  the  annual  rainfull  is  nearly  one-third 
greater  at  the  latter  station. 

Unfortunately  records  are  not  available  for  the  Salton  Basin,  but 
the  very  low  rainfall  in  spring,  summer,  and  autumn,  and  the  exces- 
sively high  temperatures  which  prevail  there  render  it  certain  that  the 
humidity  is  very  slight — probably  somewhat  lower  than  at  Ghardaia. 
There  is,  however,  as  in  Arizona,  a  well-defined  rainy  reason  in  July 
and  August,  which  tends  to  raise  the  humidity  for  those  months. 

RAINY  WEATHEB    DISASTROUS  TO  THE   FLOWERS  AND    RIPENING    FRCTTS 

OF  THE   DATE  PALM. 

Besides  its  indirect  harmful  action  in  decreasing  the  amount  of  sun- 
shine and  heat  and  in  increasing  the  amount  of  humidity  in  the  air, 
cloudy  or  rainy  weather  is  directly  injurious  to  the  date  in  preventing 
the  fertilization  of  the  flowers  in  spring,  and  also  in  bringing  about 
the  decay  or  dropping  of  the  fruit  when  it  is  ripening  in  autumn. 
When  the  flowers  are  being  pollinated  a  spell  of  wet,  cloudy  weather, 
by  spoiling  the  pollen  may  hinder  the  setting  of  the  fruit,  though 
usually  the  hann  can  be  remedied  by  repoUinating  with  a  fresh  spi^ay 
of  male  flowers  when  the  weather  becomes  dry.  In  autumn  the  effect* 
of  rainy,  humid  weather  arc  much  more  disastrous  and  mB,y  entail  the 
loss  of  the  entire  crop  by  causing  the  dates  to  ferment  and  spoil  just 
when  they  are  ripening.  No  misfortune  is  more  feared  b}'  the  date 
growers  in  the  Sahara  than  wet  weather  at  this  time. 

Most  varieties  of  date  palms  flower  in  April  and  May  in  Arizona,  as 
in  the  Algerian  Saham,  and  the  best  sorts  begin  to  ripen  in  October 
and  November.  The  following  table  shows  the  amount  of  rain  for  the 
months  of  April  and  Mslj^  in  spring,  and  October  and  November,  in 
autumn,  for  a  number  of  points  in  the  Southwest,  and  also  for  Biskra 
and  Ayata  in  the  Sahara. 
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Tablb  4. — Average,  highest.,  and  lowest  rainfall,  /».  inches,  at  flowering  and  ripening  seasons 

of  the  date  palm  at  stations  suitable  for  date  culture. 


Alti- 
tude. 

Feci. 
1,06« 
900 
1,110 
•1,200 
1,244 

] 

Rainfall 

during  flowering  season 

• 

Locality. 

April. 

May. 

McAn. 

Inches. 
0.81 
Tr. 
0 

.09 
Tr. 

Maxi- 
mum. 

Inches. 
1.25 

Mini- 
mum. 

Inches. 
0 

Mean. 

Maxi- 
mum. 

Mini- 
mum. 

Phoenix,  Ariz.  (Salt  River  Vallev)  i 

Incheg. 
0.10 

.09 
0 

.18 
0 

Inches. 
1 

Inches. 
0 

Buckeve  (Salt  River  Valley ) * 

Experiment  Farm  (Salt  River  Valley) » 

P€K)ria  (Salt  River  Valley) « 

Mesa  (Salt  River  Valley) « 

Averaj^e  for  Ave  stations  in  Salt  River 
Valley 

.08 

.086 

Mariropa,  Anz.  (Upper  Gila  Valley) « 

Casa Grande  (Upper  Gila  Valley)  i 

1,173 
1,398 
1,553 

.18 
.11 
.87 

.75 
.73 

1.55 

0 
0 
0 

.10 
.07 
.18 

.64 
.34 

.97 

8 

Florence  ( Upper  Gila  Vallev )  i 

0 

Tucson,  Ariz. ' 

2,430 
141 

.16 
.07 

.ti'2 
.56 

0 
0 

.18 
.04 

1.09 
.44 

0 

Yi""!*^,  Art'!^ 

0 

Mammoth  Tank,  Cal.  (Sal ton  Basin )  a 

Salton.Cal.  (Salton  Basin  )3 

257 
-263 

.06 

Tr. 

.no 

.01 

0 
0 

.02 
.07 

.30 
.70 

0 
0 

Biskra,  Sahara^ 

419 

.94 

3.03 

.08 

.88 

2.56 

.04 

t 

A3'ata,  Sahara  (Oued  Rirh)  ^ 

100 

1.06 

2.24 

0 

.16 

.47 

0 

Locality. 


Phoenix,  Ariz.  (Salt  River  Valley) » . 

Buckeye  (Salt  River  Valley)  2 

Expenment  Farm  (Salt  River  Val- 

ley)3 

Peoria  (Salt  River  Valley) « 

Mesa  (Salt  River  Valley ) « 


Average  for  five  stations  in 
Rait  River  Valley 


Marioo[)a,  Ariz.(Upper  Gila  Valley)  ^ 
Casa  Grande  ( Upper  Gila  Valley) » . . 
Florence  ( Upper  Gila  Valley)  ^ 


Tucson,  Ariz.  ^ , 
Yuma,  Ariz.  ^  , 


Rainfall  during  ript^ning  season  of 
late  diites. 


October. 


November. 


Mean.  Max.   Min.  Mean.  Max.   Min. 


Rainfall  during 
year. 


Length 
record. 


In. 

0.50 

.63 

.84 
.92 
.81 


.54 


In. 

2.80 


In. 


0 


In. 

0.44 

.42 

.48 
.40 
.46 


In. 

1.66 


.44 


.as 

.32 
.63 


.53 
.30 


MammothTank.C^l.  (Salton  Ba8in)3     .12 
Salton,  Cal.  (Salton  Basin) 3 1   .12 


1.51 
1.31 
1.80 


In. 


Mean. 


In. 
7.08 
6.60 

7.01 
8.41 
5.52 


6.94 


Max.!  Min. 


In. 
12.83  ' 


In. 
3.77 


Years. 
15 


I 


0 
0 
0 


2. 24 
1.70 


0 
0 


.29 
.38 
.55 


1.13 
2.00 
2.36 


0 
0 
0 


5.50  111.  96 


5.29 
9.78 


.48 
.28 


10.70 
13.80 


.38 
1.73 
5.35 


18 
14 
13 


2.06  1  0 
2.  43  •  0 


.68 
.93 


0 
0 


Biskra,  Sahara^ 

Ayata,  Sahara  (Oucd  Rirh)  ». 


.64     1.73 


0 


•  M.  m 


.28 


0 


.14 
.12 

.73 
.71  , 

.93 

1.97 

1.21 

2.05 

1 

0 
0 


11.63   18.37 
8.05     5.86 


5. 26 
.74 


19 
19 


1.81  I  5.48 
2.56  111.  19 


Tr. 
Tr. 


23 
12 


12      9.46   16.  :W  I  5.67 


.02  I   4.89 


9. 32     2. 52 

I 


10 


«4and7 


'  Records  compiled  by  Bog«?s  and  Barnes,  Bui.  27,  Arizona  Experiment  Station.  Table  XVI. 

*  Records  compiled  bv  Thos.  11.  Means,  Field  Operations  Divison  of  Soils,  V.  S.  Department  of 
Agriculture.  Second  Report,  1900,  p.  292. 

*R<'conls  compiled  by  Alexander  G.  McAdie,  Cal.  Sec,  Climate  and  Crop  Service,  Weather  Bureau, 
February,  1901,  p.  4. 

■•Records  of  (>)lombo.  published  by  Marcassin,  L' Agriculture  dans  le  S^ihara  de  Constantine,  in 
Annale»  de  I'lnstitul  National  .\gnmomique,  1895,  p.  17  of  reprint. 

'Records  of  Cornu  f(tr  years  lx9<>-1899,  read  from  charts  exhibited  at  Paris  Exposition.  1900. 

^Annual  rainfall  for  1889  to  1891.  from  Rolland,  Hydrologie  du  Sahara  algC'ncn,  p.  415,  is  included 
n  this  table,  making  seven  years  in  all. 

I 

These  records  show  that  the  Salt  River  Valley,  the  upper  Gila  Val- 
ley, Yuma,  and  even  Tucson,  Ariz.,  have  less  rainfall  at  the  critical 
periods  for  the  date  palm  than  occurs  at  Biskra,  Algeria,  where  date 
culture  is  the  principal   industry.     Yuriia,    in   the   Colomdo   River 
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Valley,  in  extreme  southwestern  Arizona,  and  especially  Salton  and 
Mammoth  Tank,  in  the  Salton  Hasin,  in  southeastern  California,  show 
decidedly  less  rainfall  than  occurs  at  Ayata,  in  theOued  Rirh  country 
in  the  Sahara,  where  date  culture  is  almost  the  sole  industry  and 
where  the  Deglet  Noor  variety  is  grown  successf  ull}".  Even  the  maxi- 
mum rainfall  in  exceptionally  wet  years  in  the  Salton  Basin  does  not 
ecjual"  the  average  rainfall  for  these  critical  months  at  Biskra. 

The  number  of  rainy  days,  which  is  a  matter  of  considerable  iniportr 
ance  in  determining  the  suitability  of  climate  to  date  culture,  runs 
closely  parallel  to  the  amount  of  precipitation,  as  may  be  seen  by  com- 
paring the  following  records  for  Biskra  and  Tucson  with  those  g^iven 
aliove  for  the  rainfall: 

Table  5. — yumber  of  rainy  dayR  at  desert  stationfi  (Biskra,  Algeria,  and  T\ic»07i,  Ariz.) 

durintj  Jiowering  and  ripening  tteammt  of  the  date  jtalm. 


Locality. 


BLskra,  Algieria. 
Tucson,  Ariz 


o 


o 


-a 

0 


Flowering  season. 
April.  ' 


449 
2, 432 


£ 

_ 

gth  of 
(yea 

• 

imum. 

* 

B 
B 

s 

2 

Ni^ 

k-4 

■^ 

hJ 

«'. 

<^ 

»*» 

10 

3.4 

1 

5 

,i 

1 

0 

• 

May. 


B 

as 


Ripening  seai^Du. 


October. 


Novcmt>er. 


3.U 
1.2 


0 
3 


• 

s 

B 

• 

B 

3 

p 

■^ 

s 

6 

c 

6 

can. 

^^ 

kH 

taH 

^^ 

kii* 

^ 

<^ 

fS, 

S 

^< 

1 

2.0 

5 

0 

S.0 

0 

*.H 

» 

0 

.2 

c 
B 


5 


1 

0 


The  ideal  climate  for  the  date  palm  would  be  one  that  was  rainless 
during  the  critical  months.  It  is  a  matter  of  some  interest  to  see  how 
often  this  condition  has  been  recorded  for  the  Salton  Basin  stations. 

Rainfall  records  are  available  for  twelve  years  (1889-1900)  for  Salton 
in  the  lowest  part  of  the  Salton  Basin  (203  feet  below  the  sea  level), 
and  they  show  that  the  critical  months  were  frequently  rainless;  at 
Manunoth  Tank,  in  the  eastern  border  of  the  Salton  Basin  (altitude 
257  feet  above  sea  level),  the  record  for  twenty-three  years,  from  1878 
to  1900,  is  still  more  favorable,  as  is  shown  by  the  following  table: 

Table  6. — Xuuiher  of  yearn  in  irhich  no  rain  {or  trace  only)  fell  at  Salton  and  at  Main- 
moth  Tankj  in  the  Stilton  Basin,  Odiforniu,  during  the  months  named. 


Salton  (2G;Heet  he- 
low  sea  level). 


Month. 


April 

May 

April  ami  May 

October 

November 

October  and  November. 


Number 

of  years 

I  miiilesH. 


11 
10 
9 
8 
8 
7 


!     Total 
I  number 
i  of  years 
recorded. 


12 
12 
12 
12 
12 
12 


1 


Mammoth  Tank 
(2o7  feel  abo^e 
sea  level). 


NumlKT 
of  years 
rainless. 


14 
20 
18 
12 
13 
7 


TotAl 

number 

of  years 

rcconlcd. 

23 
23 
23 
23 
23 
23 


«  Except  for  one  year  of  the  twelve  reconiecl  at  Salton,  the  rainfall  in  Octf>ber,  1896, 
was  0.93  inch,  exceeding  the  average  at  Bis^kra  (0.64  inch),  though  not  being  more 
than  half  the  maximum  rainfall  for  the  month  ( 1 .  73  inches)  at  the  latter  Htation. 
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At  Salton,  out  of  the  twelve  years  recorded,  only  one  had  more  than 

^  •■  f  m.' 

one-tenth  of  an  inch  of  rain  during  the  two  months  of  the  flowering 
season  (April  and  May)  and  only  two  had  over  0,ii8  inch  rainfall 
during  the  ripening  sea-son. 

At  Mammoth  Tank,  out  of  these  twenty-three  years,  only  one  had 
more  than  three-tenths  of  an  inch  rainfall  during  the  flowering 
season  (April  and  May)  and  only  three  showed  over  three-tenths  of  an 
inch  precipitiition  during  October  and  November. 

At  HiskraJ  in  the  Algerian  Sahara,  the  rainfall  records  are  available 
for  the  ton  years  from  1884  to  1S93.  During  this  period  only  one 
month  during  the  critical  periods  was  rainless,  viz,  October,  1893. 
Only  once  during  the  flowering  jx^riod  (April  and  May)  was  there 
as  low  as  0.31)  inch  rainfall,  and  onl}"  once  during  the  season  when  the 
fruit  rijK^ns  (Octol)er  and  November)  was  there  as  low  as  0.31  inch  of 
i*ain. 

At  Ayata,  some  100  miles  south  of  Biskra,  in  the  Oued  Rirh  country, 
where  a  specialty  is  made  of  thi*  culture  of  choice  Deglet  Noor  dates 
for  the  export  trade,  the  rainfall  for  1S8J)  was  2.5t^  inches;  for  1890  it 
was  9.32  inches;  for  1891,«4.ir)  inches;  for  1896,  7.60  inches;  for  1897, 
4.84  inches;  for  1898,  2.79  inches,  and  for  1899,'^  2.91  inches,  an  aver- 
age of  4.89  inche^s. 

The  distribution  of  the  rainfall  at  Biskra  and  AyaUi,  by  seasons,  in 
compai'ison  with  the  average  at  Yuma  in  the  Colorado  River  Valley 
and  Salton  and  Mannnoth  Tank  in  the  Salton  Basin,  is  given  herewith: 

Table  7. —  Table  nho win*/  acdnonaf  mid  (uinual  rniufull  at  stations  in  desert  regions. 


Locality. 


I^^'^^^'h    ^yj^j^.^ 


rwonl. 


rain  full. 


Spring 
ruin  fall. 


Summer    Autumn 
rainfall,    rainfall. 


Annual 
rainfall. 


Biskra,  Alf;eria  ( Sahara) 

Ayata.  Alperia  ( Sahara) 

Yuma.  Anz.  (('olonido  River  Valley) 

Snlton, ChI.  (Salton  Bimin) 

Mammoth  Tank,  ('a I.  (Salton  Ha^in) 


ytnr.i. 

InrhtH. 

Im'hfH. 

Inches. 

Inehcu. 

10 

li.  \i'I 

3.16 

0.H4 

2.13 

l.Hl 

1.49 

n.09 

1.50 

19 

1.  17 

.35 

.51 

.72 

12 

1..VJ 

.28 

.:« 

.37 

U-'J 

.93 

.27 

.29 

.32 

Inches. 
9.45 
4.89 
8.05 
2.56 
1.81 


a  During  the  years  lS9(Uo  1S99  almost  no  rain  fell  in  .summer.    April,  May,  September,  and  October 
are  H)metimeH  niinle»«. 

It  is  noticeable  that  the  summer  rainfall  is  considembh'  higher  at 
Yuma  and  at  the  Salton  Basin  stations  than  at  Avata,  but  that  the 
spring  and  autumn  precipitation  is  mueh  less,  rendering  the  climate 
decidedly  more  favorable  for  date  culture. 

It  is  clear  from  the  above  ttiblc^s  that  there  is  less  danger  from  rain 
to  date  flowers  or  to  the  ripening  fruits  in  the  Arizona  deserts  or  in 
the  Salton  Basin  in  California  than  at  Biskra  in  the  Algerian  Sahara, 
where  date  culture  is  an  established  and  profitable  industry.     Indeed, 

^'Rollami.     Hydrolojjie  du  Sahara,  p.  41().     Ft)r  the  yearn  1SS9  to  1891,  incluHive. 
'>  Records  of  Corrlu  exhibited  at  Taris  Exposition,  1900.     Anioiuits  read  from  curves 
of  charts  for  the  years  1S9C^1899. 
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the  conditions  in  the  Salton  Basin  are  most  exceptionally  favorable  in 
this  regard  and  are  much  better  than  at  Ayata  in  the  Sahara,  where  the 
Deglet  Noor  date  is  grown  to  perfection  for  export. 

ST7NSHINE  NECESSABT  FOB  THE  DATE  PAUC. 

Even  in  the  hottest  desert  regions  the  date  palm  does  not  grow  well 
in  the  shade.  In  order  that  the  leaves  be  heated  to  the  very  high  tem- 
peratures which  they  require  in  order  to  function  properly  they  must 
be  exposed  without  interruption  to  the  sun's  rays  during  the  hottest 
part  of  the  day.  Cloudy  regions,  where  the  sunshine  is  not  continuous, 
and  humid  regions,  where  the  heat  is  largely  screened  out  of  the  rays 
by  the  water  vapor  in  the  air,  are  not  adapted  to  the  culture  of  the  best 
sorts  of  dates.  It  is  not  improbable  that  there  may  be  some  specific 
action  of  light,  especially  of  the  more  refrangible  rays  at  the  violet 
end  of  the  spectrum,  apart  from  the  heating  effects  of  the  sun's  rays, 
in  favoring  the  production  of  a  high  flavor  and  aroma  in  the  fruit.  ^ 

HEAT  BEQUmEMENTS  OF  THE  DATE  PALM. 

No  amount  of  heat  and  no  degree  of  dryness  of  the  air  injure  the 
date  palm  provided  the  roots  have  access  to  an  adequate  supply  of 
moisture;  on  the  contrary  the  best  sorts  of  dates  can  be  produced  only 
in  deserts  having  excessively  hot  weather  from  the  time  the  flowers 
open  in  April  until  the  fruit  ripens  in  October  or  November.  It  is  a 
well-known  saying  among  the  Arabs  that  the  date  palm  must  have  its 
feet  in  running  water  and  its  head  in  the  fire  of  the  sky;  this  is  a  con- 
cise statement  of  the  chief  requisites  for  successful  growth  and  fruiting 
of  this  extraordinary  plant.  As  was  shown  above  in  treating  of  the 
effects  of  humidity  on  the  date  palm,  very  dry  air  is  necessary  to 
enable  the  temperatures  to  reach  the  excessively  high  point  required 
by  developing  fruits.  This  dryness  also  permits  an  excessive  cooling 
of  the  air  and  surface  soil  through  loss  of  heat  by  radiation  into  the 
cloudless  sky  at  night,  and  desert  climates  of  a  pronounced  type  are 
consequently  characterized  by  great  daily  and  seasonal  fluctuations, 
with  the  result  that  the  temperature  may  fall  very  low  in  winter  even 
in  deserts  where  the  heat  is  excessive  in  summer.  The  difference  in 
the  mean  daily  temperatures  between  the  hottest  and  the  coldest  month 
for  a  number  of  desert  stations  which  lie  in  nearly  the  same  latitude 
is  shown  in  Table  8,  on  the  next  page. 

flit  would  be  interesting  to  test  this  hypothesis  by  forcing  a  date  palm  to  fruit  in 
a  dry  greenhouse  in  some  northern  desert  region  in  winter  when  the  intensity  of  the 
sun's  rays  is  much  less  than  in  summer.  The  experiment  could  not  be  tried  in  a 
humid  r^ion,  because  of  tlie  disturbing  influence  of  the  humidity  of  the  air. 
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Tablk  8. — Mean  annual  range  of  temperature  in  the  SaJtara  Desert^  Mesopotamia^  and  in 

the  Southwestern  Stales. 


Locality. 


Bisknu  Algeria 

Phoenix,  Aria 

Bagdad 

Salton  Cal 

Mamznoth  Tank,  Cal 
Gbardaia,  Algeria . . 


Latitude. 

Altitude. 

o     / 

F\eeL 

34  60 

449 

83  25 

1,068 

33  25 

131 

38  80 

-268 

33  10 

157 

32  30 

1,804 

Tem- 
perature. 

40.06 
40.50 
45.  G4 
13.90 
44.60 
45.90 


These  figures  by  no  means  indicate  the  extreme  range  of  tempera- 
tures for  these  months,  but  merely  the  difference  in  the  average  level 
of  temperature  from  which  the  daily  fluctuations  are  counted. 

The  difference  between  the  highest  temperature  in  summer  and  the 
low^est  in  winter  averages  about  90°  F.  at  Salton,  in  the  bottom  of  the 
Colorado  Desert,  and  79.4°  F.  at  Biskra,  in  the  northern  Sahara.  An 
extreme  fluctuation  of  104°  F.  is  recorded  from  Salton  during  the 
tijvelve  years  for  which  records  are  published,  of  105°  F.  at  Phoenix, 
in  the  Salt  River  Valley,  Arizona,  during  thirteen  years,  1882-1894, 
and  of  108°  F.  at  Mammoth  Tank,  in  the  Salton  Basin,  during  the 
twenty-three  years  for  which  records  are  published;  but  in  these  cases 
the  highest  and  lowest  temperatures  are  not  included  in  the  same  year. 
As  might  be  expected,  where  such  great  fluctuations  occur,  the  winter 
temperatures  often  fall  low  enough  to  injure  tender  plants,  such  as 
citrous  fruit  trees,  for  example.  Such  plants  are  easily  forced  into  a 
tender  new  growth  by  a  few  days  of  hot  weather  such  as  often  occur 
in  winter,*  only  to  be  blighted  by  frosts  a  few  days  later. 

KESISTANCE  OF  THE  DATE  PALM  TO  COLD  IN  WINTER. 

Fortunately,  the  date  palm  is  able  to  endure  much  cold,  it  being  one 
of  the  most  hardy  of  the  evergreen  fruit  trees.  When  in  a  dormant 
condition  it  is  probable  that  it  is  seldom  injured  by  temperatures 
above  20°  F.,  and  is  able  to  live  in  regions  where  the  temperature 
occasionally  falls  as  low  as  12°  F.  Commonly,  however,  date  palms 
are  severely  injured  by  temperatures  as  low  as  this,  sometimes  losing 
many  of  their  leaves.  The  amount  of  injury  they  suffer  is  partly 
dependent  upon  their  condition  at  the  time  when  they  are  exposed  to 
the  cold.  If  entirely  dormant  they  are  much  less  injured  than  if  some 
of  the  leaves  have  only  recently  unfolded  or  are  still  growing.  It 
should  further  be  noted  that  young  date  palms  are  much  more  likely 
to  be  injured  by  cold  than  are  old  ones.  This,  no  doubt,  is  in  [)art 
because  the  young  plants  have  fewer  leaves  and  in  consequence  a 
growing  point  more  exposed  to  cold,  but  doubtless  largely  because  the 
growing  leaves,  with  their  inclosed  bud,  are  much  nearer  the  ground 
on  young  trees,  and  would  therefore  be  exposed  to  lower  temperatures 


« Temperatures  of  90°  F.  or  over  are  recorded  for  every  month  in  the  year  at 
Mammoth  Tank,  in  the  Salton  Basin. 


60  THE   DATE    PALM. 

than  on  the  tops  of  old  palms  far  above  the  surface.  Old  and  vigor- 
ous trees  might  perhaps  occasionally  weather  cold  snaps  where  the 
temperature  fell  below  10°  F.,  provided  such  were  exceptional  and 
occurred  only  at  intervals  of  man}^  3- ears.  In  practice,  then,  four  dif- 
ferent limits  below  which  palms  would  be  injured  by  cold  mig-ht  be 
set:  (1)  Young  palms  in  active  growth  would  be  liable  to  injury  if  the 
temperature  fell  several  degrees  below  freezing;  (2)  young  plants  not 
in  active  growth  and  old  palms  if  nearly  dormant  would  be  severely 
injured  only  by  temperatures  falling  below  15°  F. ;  (3)  old  and  dor- 
mant trees  would  be  severely  in  j  ured  only  by  temperatures  below  12^  F. ; 
(4)  most  date  palms  would  be  killed  and  all  would  be  seriously  injured 
by  the  temperature  falling  below  10°  F.,  and  date  culture  would  be 
impossible  in  regions  where  such  temperatures  occurred  more  than  once 
in  a  decade.  These  considerations  show  that  the  date  palm  has  about  as 
much  resistance  to  cold  as  the  fig  tree,  for  example,  with  this  impor- 
tant difference — that  a  fig  tree  is  able  to  recover  and  grow  again  the  next 
year,  even  if  it  be  frozen  to  the  ground  by  severe  cold  in  winter. 
With  the  date  palm  this  is  not  possible,  since,  if  the  growing  bud  of  an 
old  tree  be  killed,  it  is  impossible  for  the  trunk  to  sprout  out  again. 

In  the  Salt  River  Valley,  Arizona,  the  temperature  not  infrequently 
falls  to  25°  or  22°  F.,  and  at  I'are  intervals  goes  as  low  as  12-  or  13° 
F.,  which  temperatures  of  course  injure  the  date  palm  but  have  not 
killed  any  of  the  manj'^  fine  trees  growing  in  the  valley,  though  young 
offshoots  recently  transplanted  have  been  frozen  to  death  **. 

No  temperatures  low  enough  to  injure  seriously  even  young  date 
palms  (below  18°  F.)  are  recorded  from  any  of  the  stations  in  the  Sal- 
ton  Basin,*  and  if  the  first  winter  after  the  plants  are  set  out  is  passed 
safely  no  further  danger  from  cold  need  be  feared. 

o  Even  young  palms  seein  more  resistant  to  cold  than  has  been  supposed,  for  the 
severe  cold  of  the  winter  of  1901-2,  when  a  temperature  of  about  13°  F.,  was  reached, 
killed  very  few  of  the  Saharan  date  palms  in  the  cooperative  garden  at  Tempo,  which 
were  planted  in  July,  1900.  A  few  of  the  offshoots  set  out  in  1901  passed  through 
the  cold  weather  without  being  killed,  thanks  probably  to  the  protection  afforded  by 
wrapping  them  in  several  thicknesses  of  burlap  sacking.  It  is  now  very  clear  that 
large  offshoots  withstand  cold  much  better  than  small  ones  and  besides  bear  the 
long  voyage  better. 

&The  lowest  temperature  recorded  at  Sal  ton  is  20°  F.,  with  22°  F.  at  Mammoth 
Tank,  where  only  9  out  of  the  23  years  re(!ordod  show  temperatures  below  30°  F. 
At  Indio  in  the  northern  and  at  Imperial  in  the  southern  part  of  the  basin  temper- 
atures of  18°  F.  are  recorded.  .At  Indio  the  temperatures  are  probably  lowered  by 
cold  winds  which  blow  down  from  the  mountains  to  the  north  and  west  through  a 
valley-like  prolongation  of  the  desert  to  the  northwest.  The  young  date  pahus 
which  grow  about  Indio  without  any  protection  are  proof  that  the  wint<^rs  are  not 
too  severe  even  for  very  young  plants.  However,  winter  cold  is  the  greatest  danger 
to  which  the  date  palm  is  exposed  in  the  Salton  Basin,  and  intending  ])lanter8  should 
be  careful  to  avoid  low,  cold  situations  in  setting  out  date  palms,  for  Snow  reporta 
on  January  2, 1902,  at  8  o^ clock  a.  m.,  a  temperature  of  13°  F.  and  ice  2  inches  thick. 
(Bui.  140,  Cal.  Exp.  Sta.,  p.  45.)  A.  V.  Stubenrauch  states  that  this  record  is  for 
Imperial,  Cal. 
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•    THE  DATE    PALM    FLOWERS    LATE    IN    SPRING    AND  ESCAPES  INJURY 

BY   LATE   FROSTS. 

A  very  great  advantage  of  the  date  palm  is  that  it  flowers  late  in 
spring,  after  all  danger  of  frost  is  over,^  whereas  many  other  fruit 
trees,  among  them  the  peach,  the  apricot,  and  especially  the  almond, 
bloom  very  early  and  are  exposed  to  much  risk  of  having  the  flowers 
or  young  fruits  killed  b}'  late  frosts. 

The  records  available  from  the  Sahara  are  very  poorly  calculated  to 
show  how  much  cold  the  date  palm  can  stand,  for  the  whole  northern 
and  western  Sahara  is  characterized  by  very  warm  winters.  Tempera- 
tures of  —  5  to  —  7^  C  (21.4^  to  23^  F.)are  recorded  from  date  oasesin  the 
Sahara,  but  the  date  palm  is  able  to  endure  lower  temperatures  than 
these  without  serious  hann  resulting.  The  northern  limit  and  the 
limit  in  altitude  in  northwestern  Africa  at  which  dates  can  be  grown 
are  set  more  by  the  deficient  summer  heat  failing  to  ripen  the  fruit 
than  by  the  cold  in  winter.^ 

DRAINAGE    OF   COLD    AIR    AND    INVERSION    OF   TEMPERATURE    IN 

RELATION  TO   DATE   CULTURE. 

A  peculiarity  of  climate  which  is  of  considerable  importance  in 
relation  to  date  culture  is  the  inversion  of  temperature  which  occurs 
in  many  places  in  Arizona  and  California,  and  more  markedly  in  arid 
regions  where  the  date  palm  succeeds  best.  For  example,  in  many 
parts  of  Arizona  the  winters  are  mild  enough  to  permit  date  palms  to 
be  grown  at  an  altitude  of  nearly  5,000  feet,  and  even  as  high  as  6,942 
feet  at  Supai.  It  is  noticeable,  however,  that  points  very  much  lower 
frequently  show  temperatures  sufficiently  cold  to  injure  severely  or  to 
kill  date  palms.     For  instance,  at  San  Carlos,  at  an  altitude  of  2,456 

«The  pistache  nut  has  the  same  advantage  and  can  l)e  grown  with  profit  in  place 
of  the  almond  in  many  localities  where  the  latter  is  likely  to  lose  ita  fruit  because  of 
late  frosts. 

&It  is  probable  that  the  date  palm  is  hardier  than  has  been  suppostnl,  and  that  by 
8el€x.*ting  hardy  sorts  and  wrapping  them  well  when  young,  date  culture  can  Ije  ex- 
tended to  many  of  the  desert  regions  in  the  Southwest  liitherto  supposed  to  be  too 
cold  in  winter  for  this  ])lant.  The  experiments  at  the  date  garden  at  Tulare  have 
shown  that  there  is  a  great  difference  in  the  resistanceof  the  various  sorts  to  cold,  the 
Seewah  at  an  age  of  0  years  being,  for  instance,  12  feet  high,  with  a  spread  of  leaves 
of  15  feet,  while  the  Sultaneh,  ecjually  old  but  which  had  been  much  hurt  by  the  cold 
winters  was  only  4  feet  high,  with  a  spread  of  leaves  of  7  feet.  The  experience  of  the 
winters  of  1901-1902  at  Temjx*,  Ariz.,  has  shown  that  recently  transplanted  offshoots 
art*  hardier  than  has  been  supposed.  It  now  becomes  a  matter  of  much  importance 
to  procure  hardy  sorts  of  date  palms  (probably  l)e?it  to  be  secured  in  the  oases  of  Per- 
sia and  Baluchistan)  for  planting  in  the  deserts  in  the  south  western  United  States  which 
have  hot  summers  but  cold  winters.  Fort  Mcintosh,  altitude  460  feet,  in  south- 
western Texas,  and  Fort  Thomas,  altitude  1,000  feet,  in  the  valley  of  the  Virgin  River 
in  southern  Nevada,  both  have  a  summer  climate  hotter  than  that  of  Phoenix,  in  the 
Salt  River  Valley,  Arizona,  but  at  the  same  time  colder  winters.  Late  sorts  of  dates 
of  good  quality  could  l)e  matured  at  these  places  provided  they  could  pass  the  winters 
unharmed  (see  pp.  126  and  134). 
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feet,  and  at  Tucson,  at  the  University  weather  station,  at  an  altitude 
of  2,230  feet,  the  temperature  fell  to  ll*^'  F.  in  1891,  while  at  Dragroos 
Summit,  at  about  4,611  feet  altitude,  some  60  miles  to  the  east  of  Tucson 
and  80  miles  southwest  of  San  Carlos,  the  temperature  is  not  recorded 
even  as  low  as  15^  F.  in  1891.^  In  January,  1891,  the  temperature  did 
not  fall  below  32^^  F.  at  Dragoon  Summit,  while  at  Wilcox,  only  20  miles 
northeast,  and  nearly  500  feet  lower,  the  temperature  fell  to  9^  F.  A 
still  more  striking  example  is  shown  by  a  comparison  of  the  temperatures 
at  Parker,  on  the  Colorado  River,  at  an  altitude  of  about  500  feet,  and  at 
Supai,  nearly  7,000  feet  above  sea  level,  some  120  miles  to  the  north- 
east. In  the  winter  of  1899  and  1900  the  temperature  did  not  fall 
below  26^  F.  at  Supai,  while  the  imperfect  record  at  Parker  shows  a 
mininmm  of  23^  F.,  that  is  to  say,  that  although  Supai  is  nearh^  6,500 
feet  higher  than  Parker  and  is  about  65  miles  farther  north,  the  min- 
imum temperature  was  actually  higher  at  Supai  in  winter.  Numerous 
similar  instances  could  be  cited  in  California,  and  the  "thermal  belt-' 
along  the  foothills  of  the  Sierra  Nevada  Mountains,  adjoining  the 
interior  valley  region,  offers  some  of  the  most  striking  examples  that 
are  known  of  inversion  of  temperature. 

All  of  these  anomalies  are  the  result  of  a  drainage  of  cold  air  to 
lower  levels.  During  the  night,  if  radiation  is  unhindered  by  clouds, 
as  is  usually  the  case  in  arid  regions,  the  air  next  the  ground  is  cooled 
rapidly  and  flows  from  the  higher  levels  into  the  valleys  below,  much 
as  water  would.  As  the  cold  air  flows  into  the  plains  it  doubtless 
tends  to  flow  under  and  to  lift  up  the  warm  air;  at  any  rate,  all  eleva- 
ted points  where  there  is  a  good  drainage  of  air  show  relatively  high 
temperatures  during  the  night,  while  points  located  in  the  valley  floor 
frequently  show  very  low  temperatures,  constituting  an  exception  to 
the  general  rule  that  the  lower  the  altitude  the  higher  is  the  tempera- 
ture. It  will  frequently  be  possible  to  grow  date  palms  along  the 
foothills  where  it  would  be  impossible  for  them  to  succeed  in  the 
plains  a  few  hundred  feet  l>elow. 

However,  high  summer  temperatures  are  essential  to  the  proper 
fruiting  of  the  date  palm,  as  will  be  shown  in  the  next  paragraph,  and 
the  upper  limit  in  altitude  of  its  culture  is  more  likely  to  be  set  by 
the  insufficient  heat  of  summer  than  by  the  severity  of  cold  in  winter. 
At  points  situated  at  high  altitudes,  whence  there  is  a  good  drainage 
of  air,  the  fluctuations  of  temperature  are  less  than  in  the  plains 
below,  and  consequently  the  winters  are  wanner  and  the  summers  are 
cooler.  In  order  to  gi'ow  date  palms  at  high  altitudes,  it  will  usually 
be  necessary  to  search  for  canyons  or  ravines  with  a  southern  expo- 
sure, where  the  air  is  heated  by  reflection  from  mountain  cliffs  as  w^ell 
as  by  direct  insolation. 


«  All  the  data  as  to  temperature  at  the  various  points  named  are  from  the  reporte 
of  the  Weather  Bureau  and  of  the  State  weather  services  of  California  and  Arizona. 
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HOT  SUMMERS  NECESSARY   FOR  THE   DATE  PALM. 

Date  palms  require  a  definite  sum  of  heat  in  order  to  mature  their 
fruit  properly,  but  the  amount  varies  p^reatly  for  diflFerent  sorts.  In 
general  the  very  early  ripening  kinds  are  watery  and  unfit  for  drying, 
being  more  like  table  grapes  than  like  ordinary  dates.  They  can  be 
grown  far  to  the  north  where  the  summers  are  not  warm  enough  to 
ripen  later  varieties.  The  Wolfskill  is  such  a  date  (see  fig.  3,  p.  31). 
The  sorts  ripening  inmidseason  can  often  be  dried,  but  lack  the  sweet- 
ness and  exquisite  flavor  of  the  late  sorts,  such  as  the  Deglet  Noor 
(see  p.  33).  The  late  sorts,  and  especially  the  one  just  named,  require 
enormous  amounts  of  heat  in  order  to  ripen  properly.  The  Deglet 
Noor  dat«  is  produced  in  the  oases  of  southern  Algeria  and  southern 
Tunis,  where  fortunately  there  are  well  equipped  meteorological  sta- 
tions whose  records  furnish  a  basis  for  a  comparison  of  the  climate 
there  with  that  of  American  deserts,  so  far  as  records  are  available  for 
the  latter. 

It  has  been  calculated  by  De  Candolle^  that  temperatures  down  to 
18°  C.  or  64.4^  F.  have  no  effect  on  the  flowering  or  fruiting  of  the 
date  palm,  and  a  study  of  the  record  sheets  of  a  self-recording  ther- 
naometer  kept  at  Biskra  in  the  midst  of  a  date  orchard  confirmed 
the  correctness  of  this  assumption.  In  other  words,  this  relatively 
high  temperature  is  the  zero  point  for  this  plant,  so  far  as  flowering 
and  fruiting  are  concerned,  though  it  is  able  to  grow  at  somewhat  lower 
temperatures.  The  curves  shown  in  the  accompanying  diagram  (tig.  7) 
represent  in  a  manner  plain  to  the  eye  the  heat  conditions  of  Biskra, 
Algeria,  in  the  northern  part  of  the  Sahara  Desert,  in  comparison  with 
those  of  Salton,  in  the  lowest  part  of  the  Salton  Basin.* 

The  curves  highest  up  in  the  diagram  represent  the  mean  maximum 
temperatures,  the  curves  in  the  middle  show  the  mean  temperatures 

oG^ographie  botauique  raisonn^^e,  I,  p.  371, 

ft  The  curves  for  Biskra  for  maximum  and  minimum  temperatures  are  based  on 
averages  of  twelve  one-half  years'  observations  by  M.  Colomlx),  summarized  by 
Supan  (Petermann's  Mitth.,  Vol.  32, 1886,  Lit.  Ixjr.,  p.  32) ;  for  the  mean  temj^erature, 
on  ten  years*  observations  by  Colomlx),  published  by  Marcassan  (Ann.  de  I'inst.  nat. 
agronom.,  Paris,  1895).  The  curve  for  the  maximum  temi)erature  for  Salton  is  based 
on  the  record  for  two  selected  years,  1893  and  1899,  each  having  nearly  tlie  same  sum 
of  heat  for  the  fruiting  season,  from  May  to  Octol)er,  inclusive,  as  the  average  of  the 
twelve  years  recorded.  Prof.  Alexander  G.  McAdie,  director  of  the  Pacific  coast  divi- 
sion of  the  Weather  Bureau  at  San  Francisco,  kindly  furnished  the  reconls,  as  yet 
unpublished,  for  these  years.  This  curve  is  smoothed  a  little  and  is  somewhat  lower 
than  the  true  mean  maximum,  as  it  is  based  on  observations  taken  at  2  o'clock  p.  m., 
which  do  not  always  give  the  highest  temperature  which  occurs  during  the  day. 
The  curve  for  the  mean  temperature  at  Saltern  is  based  on  twelve  years'  observations 
published  by  Professor  McAdie.  (California  Section,  Climate  and  Crop  Service, 
Weather  Bureau,  February,  1901,  p.  4.)  The  curve  for  the  minimum  temperatures 
for  Salton  is  not  based  on  any  observations,  as  the  minimum  temj)eratures  are  not 
available;  the  mean  minimum  tt^mperatures  are  estimat^Ml  to  Ikj  as  far  below  the  mean 
temperatures  as  the  mean  maximum  temperatures  are  a})ove. 
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of  the  whole  day,  and  the  curvRw  lowest  in  the  s»!ale  show  the  mean 
minimum  temperature.  In  every  case  the  dotted  lines  represent  tie 
record  for  Biskra  and  the  unbroken  lines  that  for  Salton.  The  months 
of  the  year  arc  marked  off  horizontally  and  the  degrees  of  heat  are 
shown  by  the  height  of  the  curve  from  the  base.  The  temjwratuns 
nan  be  read  off  in  Fahrenheit  at  the  lef .  and  in  Centigrade  at  tlie  right 
The  heavy  black  horizontal  line  represents  the  zero  point  for  the  flow- 
ering and  fruiting  of  the  date,  18"  C.  (64.4^  F.). 

It  is  evident  from  the  tirst  glance  at  the  curves  that  Salton  is  much 
hotter  than  Biskra  and  that  the  daily  range  of  temperature  ia  niu<.-h 
greater,  and  as  a  consequence  that  the  mininum  is  lower  in  winter, 
at  the  same  time  that  the  mean  ti'mperature  is  higher. 


The  zero  point  for  the  date  palm,  18  "  C.  (t>4. 4^  F.),  is  reached  by  the 
mean  tempemturc  al>out  April  5  at  Biski-a,  while  it  is  passed  fully 
three  weeks  earlier  at  Salt*tn,  or  about  March  12.  The  mean  daily  tem- 
perature rises  more  i-apid  ly  at  Salton  than  at  Biskra,  which  brings  almut 
the  i-esnlt  that  the  period  when  the  date  palm  flowers.  wht<'h  a<-ford- 
ing  to  Fischer's  cahuilationw"  is  when  the  mean  daily  temperature  is 
between  20 '  and  25'^  C  (HS-7T  F.),  extends  from  nlwut  April  20  to 
May  20  at  Biskni,  wherea-i  at  Salton  it  extends  from  about  March  23 
to  April  20;  that  is  to  say,  if  Fischer's  calculations  are  correct,  the 
date  ijalm  will  flower  about  a  month  earlier  at  Salton  than  at  Biskra, 

"Fischer,  Tli.  Die  Dattelpalme,  ihn'  jredjiraphische  %'erbreitunK  miii  cullurhistor- 
ifiche  Jl^leutung.    In  Pctermann'e  MitUi.,  ErgilDzungshett  No.  &},  Uotha,  1881,  p.  51. 
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although  the  zero  point  for  this  plant  is  passed  by  the  mean  tempera- 
ture only  three  weeks  earlier. 

The  mean  temperature  at  Biskra  usually  remains  above  18^  C. 
(64.4:°  F.)  from  about  April  5  until  about  November  3,  some  212  days, 
or  nearl}''  7  months.  At  Salton  the  period  having  a  mean  temperature 
above  18^  C.  extends  from  about  March  12  until  about  November  20, 
or  some  253  days,  nearly  six  weeks  longer  than  at  Biskra.  As  has 
been  alread}^  stated,  the  flowering  season  will  probably  begin  a  month 
earlier  at  Salton  than  at  Biskiti  because  of  the  abrupt  rise  of  temper- 
ature in  spring,  and  as  the  mean  t<^mperature  remains  above  18^^  C. 
(64.4^^  F.)  nearly  a  month  and  a  half  longer  in  autumn,  the  season  is 
nearly  two  months  and  a-half  longer,  and,'  moreover,  is  decidedly 
hotter  throughout.  It  is  evident  that  if  the  Deglet  Noor  date  can 
mature  at  Biskra  it  can  certainly  ripen  perfectly  at  Salton. 

AMOUNT  OF  HEAT  REQUIRED  TO  MATURE  THE  DATE. 

The  comparison  of  the  sums  of  the  daily  mean  temperatures  gener- 
ally employed  in  determining  the  heat  requirements  of  plants  can  be 
made  only  between  regions  having  a  somewhat  similar  climate,  and 
some  botanists  have  gone  so  far  as  to  deny  entirely  that  any  trust- 
worthy conclusions  as  to  the  development  of  a  plant  can  be  drawn 
from  estimates  of  its  heat  requirements.  To  say  that  the  sum  of  heat 
decides  when  a  plant  flowers  or  when  its  fruits  ripen  has  been  held  to 
be  equivalent  to  asserting  that  the  other  factors  of  equally  vital 
importance  to  the  plant,  such  as  the  amount  and  nature  of  its  food 
supply,  the  supply  of  water,  the  amount  of  light,  etc.,  have  no  appre- 
ciable influence  on  its  development.  This  criticism  doubtless  has 
much  force  in  the  case  of  humid  regions,  where  a  variable  and  capri- 
cious rainfall  greatly  influences  the  growth  of  vegetation.  In  rainless 
deserts,  however,  where  all  cultivated  plants  are  watered  artificially 
and  where  the  sunshine  is  almost  uninterrupted  by  clouds,  the  sum  of 
heat  becomes  a  factor  of  predominant  importance  in  the  life  history  of 
plants,  and  consequently  comparisons  between  similar  desert  regions 
in  respect  to  their  adaptability  for  any  given  cultures  may  very  prop- 
erly be  made  by  determining  the  sum  of  heat  for  the  critical  periods 
of  the  plants  in  question. 

The  amount  of  heat  necessary  to  ripen  the  fruits  of  the  date  palm 
has  generally  been  calculated  by  adding  together  the  daily  mean  tem- 
peratures during  the  months  when  the  dates  are  developing,  generally 
from  about  May  1  until  October  31,  six  months  in  all.  In  this  bulletin 
the  sum  above  IS'^  C.  is  counted  for  greater  convenience  in  making 
comparisons,  though  generally  the  sum  is  reckoned  from  0^  C.  The 
table  on  the  following  page  gives  the  summation  of  effective  tempera- 
turesduring  the  fruiting  season  of  the  date  palm  for  a  number  of  points 
in  North  Africa  and  in  the  Southwestern  States. 
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Table  9. — Sum  of  daily  mean  temuercUures  above  18°  C.  (64'4^  F. )  forfruUing  perwd  iA 

dale  palm  from  May  1  to  October  SI,  at  the  stations  named. 


Locality. 


Sum  of  daily  mean 
temperatures  above 
18°C.  (64.4*^ F.)  from 
May  1  to  October  31. 


Decrees 
centigrade. 


Algiers,  Algeria 

Orldangville,  Algeria 

Fresno,  Cal 

Tucson,  Ariz 

Cairo,  Egypt 

Phoenix,  Ariz.  (Salt  River 

Valley). 
Biskra,  Algeria    (Northern 

Sahara). 

Ayata,  Algeria,  1890  (Oucd 

Rirh  region),  Sahara. 
Ayata.  1891 

Ayata,  1889 

Tougourt,     Algeria     (Oued 

Rirh  region) . 
Bagdad,  Sfesopotamia 

Indio,  Cal.  (Salton  Basin) .. 

Indio,  1903 

MammothTank,  Cal.  (Salton 

Basin). 
Salton,    Cal.,    1903  (Salton 

Basin). 


Salton,  mean 

Salton,  1897 

Salton.  1902 

Imperial,  Cal.,  1902  (Salton 
&t8ln). 


652 

788 

1,054 

1,409 

1,593 
1,677 

1,836 


1,816 

1,906 

2,091 
2,049 

2,356 

2,287 
2,348 
2,585 

2,074 


2,679 
3,392 
2,749 
2,106 


Degrees 
Fahrenheit 


1,174 
1,418 
1,897 

2,538 

2,868 
3,019 

8,304 


3,269 

8,431 

3,764 
3,689 

4,242 

4,027 
4,227 
4,652 

3,734 


4,823 
6,106 
4,948 
3,791 


Remarks. 


I^atesoi 


No  dates  ripen  here. 

Very  early  sorts  mature. 

Average  of  many  years'  obsenratioius. 
sorts  grown  usually  fail  to  ripen. 

Average  of  6  years*  observatlonsL  Dates  of  ttae 
sorts  now  grown  usually  fail  to  ripen. 

Dates  ripen  regularly. 

Average  of  many  years'  observations.  Many 
sorts  of  dates  ripen  regularly. 

Average  of  10  years'  observations.  Many  sncti 
of  dates  ripen  regularly:  date  culture  the  lead- 
ing industry.  Deglet  Koor  dates  ripen  bfU 
are  not  of  the  best  quality. 

Deglet  Noor  dates  ripened  very  imperfectly. 

Deglet  Noor  dates  ripened  very  slowly  and  ixa> 

perfectly. 
Deglet  Noor  dates  ripened  well. 
Do. 

Average  of  5  years'  observations.    Many  excel- 
lent varieties  ripen. 
Averse  of  several  years*  obeervations. 
New  thermometers.* 
Average  of  23  years'  observations. 

The  coolest  summer  recorded.  Obflerrations 
taken  for  the  first  time  with  standard  Weather 
Bureau  thermometers  in  the  regulation  shel- 
ters, i 

Average  of  12  years*  observations. 

Hottest  summer  recorded  at  Salton. 


*  Until  1908  the  temperature  records  in  the  Salton  Basin  were  taken  by  voluntary  observers  from 
thermometers  exposed  without  proper  shelters.  Mr.  Bernard  6.  Johnson,  who  lives  In  the  8a]t<» 
Basin  between  Salton  and  Indio,  Cal.,  writes  as  follows: 

"  Formerly  there  were  used  cheap  thermometers,  placed  at  Indio  in  the  shade  of  cottonwood  trees^ 
at  Salton  under  an  overlapping  roof,  and  at  Volcano  Springs  under  a  roof  that  was  but  slightly  over- 
lapping. Now  they  have  standard  thermometers  placed  in  regulation  thermometer  shelters,  and 
hence  the  difference." 

As  might  be  expected,  the  older  records  taken  at  Volcano  Springs  proved  to  be  much  too  hi^h.  at 
Salton  still  too  high,  though  somewhat  nearer  normal,  and  at  Indio  normal  or  somewhat  too  lov 
when  compared  with  the  records  taken  in  1903  with  properly  protected  thermometers. 


Station. 


Volcano  Springs. 

Salton 

Indio 

Volcano  Springs. 

Siilton 

Indio 

Volcano  Springs. 
S&lUyn 


Month. 


April.. 
...do.., 
...do... 
May... 
...do.., 
...do... 
June  .. 
...do.., 


Mean 

temper- 
ature for 
1903. 


°jP. 
69.4 
72,6 
72.6 
78.5 
79.1 
81.0 
88.5 
89.4 


Depar- 
ture 
from 
normal 
average. 


op 

-9. 
-3. 
+0. 
-8. 
-  4. 
-1-0. 
-7. 
-4. 


Station. 


Month. 


Mean 
temper- 
ature for 

1903. 


I 


Indio L  Jane  .., 

Volcano  Springs . .  July 

Salton do 

Indio do 

Volcano  Springs  . .    .August . 

Salton  I... do 

Indio !...do 


91.1 
90.9 
87.  a 
94.4 
95.2 
94.2 
93.1 


Depar- 
ture 
from 
nonnal 
avenge. 


op 

-  2.S 
-10,4 

-n.i 

-  0.1 

-  3.5 

-  3.0 

-  ai 


Mr.  Johnson  queries:  "  If  this  year,  for  example,  May  was  8.3  d^frees  cooler  than  the  avenge  at 
Volcano,  why  wan  it  onlv  4  degrees  cooler  at  Salton,  24  miles  west  of  Volcano  and  at  the  level  ol  the 
valley,  while  it  was  0.9  aegree  warmer  24  miles  farther  west  at  Indio?" 

Nevertheless,  the  sum  of  the  daily  mean  temperature  from  May  1  for  1903  was  still  enough  to 
mature  the  Deglet  Noor  date  perfectly. 

A  further  proof  of  the  grciUer  sum  of  heat  in  the  Salton  Basin,  as  compared  with  the  Salt  River 
Valley,  is  given  by  Mr.  Johnson,  who  states  that  cantaloupes  ripen  at  least  fourteen  days  before  the  Salt 
River  Valley  melons  at  Mew,  Ariz,,  and  that,  too,  before  the  really  hot  weather  begins,  which  occuis 
about  the  llrst  week  in  June.  Mr.  Johnson  observes  that  If  the  siune  proportion  continues,  the  grow- 
ing scjuson  up  to  November  1  would  give  about  six  weeks  advantage  over  Salt  River  Valley.  No* 
the  Deglet  Ncwr  date  nearly  matures  at  Tempe  in  the  Salt  River  Valiev  and  will  surely  ripen  where 
it  will  receive  such  a  considerable  sum  of  heat  more  than  in  the  Salt  River  Valley. 
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The  records  taken  at  A3'ata,*'  Algeria,  in  the  Oued  Rirh  country, 
are  of  particular  interest.  The  Deglet  Noor  date  is  there  grown 
largely  for  export  and  the  meteorological  observations  are  taken  in  an 
oasis  largely  planted  to  this  variety.  Even  here  in  the  interior  of  the 
Sahara  Desert  (see  map,  PL  II,  p.  76)  the  summers  are  frequently  too 
cool  to  permit  this  choice  date  to  ripen  properly.  From  three  years' 
observations  it  is  considered  that  about  2,000^  C.  are  required  to  ripen 
the  Deglet  Noor  date  satisfactorily.  At  Biskra  the  Deglet  Noor  is 
grown,  but  does  not  attain  the  superatively  good  quality  which  has 
made  the  dates  of  the  Oued  Rirh  famous.*  It  will  be  noticed  that 
Phoenix  is  somewhat  cooler  than  Biskra,  making  it  doubtful  whether 
this  date  will  ripen  there  in  ordinary  seasons.  On  the  other  hand, 
there  can  be  no  doubt  about  the  Salton  Basin  stations  being  hot  enough 
to  bring  Deglet  Noor  dates  to  maturity,  even  at  Indio,  in  the  northern 
edge  of  the  basin,  and  at  Imperial,  while  at  Salton  the  sum  of  heat 
during  the  coolest  summer  recorded  there  was  greater  than  the  average 
sum  for  Tougourt,  and  almost  the  same  as  the  maximum  sum  for  an 
exceptionally  hot  summer  at  A3'ata,  when  the  Deglet  Noor  matured 
perfectly.  There  can  tlien  he  no  douht  that  the  Deglet  Nom^  date  will 
ripen  fully  in  ths  Salton  Basln^  even  when  the  season  is  exceptionally 
cool.  The  importance  of  this  demonstration  can  scarcely  be  overesti- 
mated, since  it  renders  it  possible  to  establish  in  America  the  culture 
of  this  choice  date,  the  most  expensive  of  dried  fruits,  with  certainty 
of  success. 

The  date  palm  requires  very  high  temperatures,  very  much  higher 
than  those  recorded  by  thermometers  exposed  in  the  shade,  and  to 
measure  accurately  its  heat  requirements  it  will  probably  be  necessary 
to  devise  a  thermometer  which  can  be  exposed  to  the  sun  and  which 
will  indicate  the  tempeniture  reached  by  the  leaves.  Accordingly  a 
summation  of  the  maximum  temperature  was  made  for  the  days  from 
May  1  to  October  31,  which  it  is  thought  will  give  a  better  idea  of  the 
adaptability  of  a  climate  for  date  culture  than  does  the  sum  of  the 
daily  mean  temperatures.  In  making  this  summation  18^  C.  (64.4'^  F.) 
was  taken  as  the  zero  point,  as  in  the  preceding  table,  and  when  the 
daily  minimum  fell  below  that  point  a  deduction  was  made  for  the 
tempemtures  below  the  zero  point,  where  they  were  considered  as 
being  a  setback^  and  as  preventing  the  observed  maximum  tempera- 
ture from  causing  the  growth  or  development  it  would  otherwise  have 
done. 


«  Rolland,  (ieorgen.     Hydrologie  du  Sahara  algerien,  p.  416. 

ft  In  the  oanis  of  Chetma,  near  Biskra,  tlie  Deglet  Noor  date  is  said  to  ripen  per- 
fectly, thank»  tcj  the  wann  spring  water  with  which  the  oasis  is  irrigated  (see  p.  49). 

<?For  example,  the  mean  maximum  for  Octolxjr  at  Biskra  is  27.4°  C,  or  9.4** 
above  18°  C;  the  mean  minimum  is  16.2°  C.  1.8°  l)elow  18°  C.  Now  9.4°  is  83.93 
per  cent  of  the  total  daily  range  of  11.2°,  and  so  instead  of  counting  31x9.4=291.4°  as 
the  sum  for  the  month,  only  83.93  per  cent  of  this  sum  is  .counted,  or  244.57°  C. 
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The  following,  table  gives  the  results  of  such  a  summatioa  of  meui 
maximum  temperatures  from  a  number  of  points  where  date  palms 
grow  or  can  be  grown: 

Table  10. — Sum  of  daily  inaximum  temperatures  above  18^  C,  {64*4^  F.)  for  dale  ^secwon, 

May  to  October  J  inclusive,  at  the  stations  named. 


Locality. 


Alsriers,  Algeria 

Fresno,  Cal 

Laghouat,  Algeria  (extreme 
northern  Sahara). 

0rl6anBville,  Algeria 

Tucson,  Ariz 

Biskra.  Algeria   (northern 
Sahara). 

Phoenix,  Ariz.    (Salt  River 
Valley). 

Ayata,  Algeria  (Cued  Rirh, 
Sahara). 


Tougourt,    Algeria    (Oued 

Rirh,  Sahara). 
El  Qolea;  Algeria  (interior 

of  Sahara). 


Bagdad. 


Salton,  Cal.  (Salton  Basin).. 


Salton,  1902. 


Imperial,  Cal.,  1902  (Salton 
Basin). 


Sum  of  daily  maxi- 
mum temperatures. 

Degrees 
centi- 
grade. 

Degrees 
Fahren- 
heit. 

1,482 

2,667 

2,002 

3,604 

2,337 

4,243 

2,593 
2,662 

4,668 
4,773 

8,049 

5,489 

3,068 

5,523 

3,295 

5,932 

3,666 

6,599 

3,990 

7,182 

3,898 

7,017 

4,059 

7,306 

4,010 

7,218 

3,981 

7,077 

Remarks. 


No  dates  ripen.  Records  by  Angot  (M^tvor. 
Alg6r.). 

Very  early  dates  can  ripen.  Weather  Baiv«A 
records,  1897-1900. 

Date  culture  practiced,  but  dates  infericr. 
Records  by  Angot. 

Early  sorts  can  be  matured .    Records  by  AagL<. 

Early  sorts  can  be  matured.  Records  of  Uni- 
versity of  Arizona.  1892-1897. 

All  sorts  of  dates  grown.  Deglet  Noor  dAtes  net 
of  best  quality.  Records  of  Colombo  for  12i 
years. 

Many  seedling  dates  mature;  some  sorts  are  too 
late  to  ripen  fully.  Records  of  Weather  fo- 
reau,  1897-1900. 

Deglet  Noor  matures  well  if  summers  are  hck 
ripens  imperfectly  during  cool  years.  Rec- 
ords of  Cornu  for  four  years,  1896-1899,  wad 
from  charts  exhibited  at  the  Paris  Expoa- 
tion,  1900. 

Deglet  Noor  dates  are  grown  for  export.  Rec^ 
ords  of  Angot. 

Interior   of   Sahara,  one  of  hottest   statiooi 
known.  Dates  are extensivelygrown.  Records* 
from  Tourney,  Bui.  29,  Arizona  Agr.  Exp.  Sta. 

Average  of  5  vears'  records,  published  by  WiD- 
cocks.  ( Fafrchi Id,  Bui.  54,  Bureau  of  Plant  In- 
dustry, U.  S.  Dept.  of  Agriculture,  1903.  p.  10.) 

Unpublished  records  forl893and  1899  furnisher 
by  courtesy  of  Prof.  Alex.  G.  McAdie.  These 
years  have  the  temperatures  for  the  summer 
season  closely  approximating  to  the  aveisge 
for  12  years  recorded. 

Record  for  1902  supplied  by  courtesy  of  Prof. 
Alex.  G.  McAdie. 
Do. 


It  is  remarkable  how  nearly  alike  the  sums  of  the  daily  maximum 
temperatures  are  for  Salton  and  Imperial  for  1902  when  we  consider 
how  different  the  sums  of  the  daily  mean  temperatures  are,  (See  Table  9, 
p.  66).  If  the  records  for  1902  are  correct  at  both  points  it  would  indi- 
cate a  noteworthy  difference  in  climate,  the  maximums  being  propor- 
tionally higher  at  Imperial  than  at  Salton.  These  sums  of  temperatures 
show  that  the  Deglet  Noor  date  is  certain  to  mature  fully  at  Imperial 
in  the  heart  of  the  irrigated  portion  of  the  Salton  Basin;  this  iis  indi- 
cated not  only  by  the  sum  of  the  daily  mean  temperatures,  but  still 
more  clearly  by  the  sums  of  the  daily  mean  maximum  temperatures 
during  the  fruiting  season. 

It  is  worthy  of  note  that  by  this  system  of  calculating  the  sum  of 
heat  is  higher  at  Phoenix  than  at  Biskra,  whereas  the  order  was 
reversed  when  a  summation  of  the  mean  daily  temperature  was  made 
(see  Table  9,  p.  66),    This  result  leads  one  to  hope  that  the  Deglet 
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(Joor  may  after  all  ripen  in  tlie  Salt  Kivur  Vall«y.  By  this  method  of 
^Iculating,  aa  well  rh  by  the  Kumoiiition  of  the  mean  temperatures, 
Walton  heads  the  list,  bclnjf  the  hottest  desert  station  known."  There 
»n  be  no  question  that  the  Deglet  Noor  and  other  choice  late  sorts 
vill  mature  here  and  in  the  other  parts  of  the  Salton  Basin. 

The  advantages  of  excessively  hot  summer  climates  for  date  culture 
ire  demonstrated  in  the  Souf  country  in  the  Sahara,  a  region  coveted 
vith  large  dunes,  sometimes  5(KJ  feet  high,  of  wind-blown  sand  (PI.  II, 
[t.  7(!),  lyingaboutoO  miles eastof  theOucdKirh  and  probably  having 
ibout  the  same  summer  i-limatc  as  Ayata  and  Tougourt.  The  best 
Deglet  Noor  dates  are  said  to  come  from  the  Souf  and  are  grown  in 
peculiar  sunken  gardens  excavated  to  a  depth  of  from  25  to  30  or  even 
50  feet.  These  sunken  gardens,  called '^Ghitan"  or  "Rhitan"{see 
fig.  «),  are  dug  down  to  within  a  few  feet  of  the  level  of  theground  water 


Fro.  g.~8unkcn  dale  gardcna  in  the  wnd  dunea  in  Ihe  Oii«l  Soul  rt'Kloti,  nmr  El  Souf.  Alit^rlit. 


and  are  large  enough  to  contain  from  0  to  100  palms,  usually  from  25 
to  50.  The  sides  are  sloping,  and  composed  of  sand  which  reflects  the 
sun's  hejit  and  light  on  the  leaves  from  the  sides  and  froni  below,  thus 
intensifying  the  heat  to  such  a  degree  that  even  the  Arabs  can  not 
Work  in  these  gardens  during  the  hottest  weather.*  In  these  torrid 
gardens  the  space  is  so  valuable  that  the  palms  are  not  allowed  to  pro- 

"S**  footnote,  p.  66. 

'No  imgatiou  in  necessary  for  the  date  pnlrn  in  these  gardens,  as  the  roots  reach 
the  moist  sand  near  the  water  level.  The  chief  labor  in  the  curryiuK  out  o(  Ihe  aand 
blown  in  by  the  wind.  When  the  hot  simoon  winds  of  summer  blow,  the  natives 
w  not  attempt  to  work  during  tlie  day  hut  commence  after  midnight  when  the 
temperature  in  lowest.  Si>  riifliciilt  ]<•  the  ctmsgle  agaitiBt  tbe  sand  blown  into  the 
Kardenn  by  every  )iigl>  wind  that  their  lalMir  has  been  likened  to  that  of  ante  rather 
than  that  of  men. 
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duce  offshoots,  which  are  imported  from  the  Oued  Rirh  country- 
needed  to  plant  new  gardens.     A  single  palm  may  be  worth  from 
(100  and  may  produce  as  much  as  330  pounds  of  dates,  which  bring 
highest  price  of  any  in  the  Sahara.     There  can  be  little  doubt  thati 
superior  quality  of  these  dates  is  due  to  the  accumulation  of  heal 
the  still  air  of  the  sunken  gardens  by  reflection  from  the  bare  sandj 
the  sloping  sides. 

In  the  Salton  Basin  the  Deglet  Noor  date  can  doubtless  attain 
same  perfection  with  infinitely  less  expense  and  trouble,   since 
higher  summer  tempei'aturc  will  give  the  same  heat  in  level  ore 
that  is  reached  in  the  sunken  gardens  of  the  Souf. 

EFFECTS  OF  WIND  ON  THE  DATE  PALM.  < 

In  the  large  deserts  there  are  frequently  high  winds  which  as 
usually  very  hot  and  dry  and  sometimes  so  violent  as  to  carry  grci 
quantities  of  dust  and  sand.  Delicate  foliage  is  injured  l)y  such  wind 
in  two  ways;  first,  by  being  lacerated  by  the  violence  of  the  wind  ani 
also  bruised  and  abraded  when  sand  is  carried;  second,  by  the  dryinj 
action  of  the  intensely  hot,  dry  air,  especially  on  leaves  which  hav 
been  torn  or  injured.  Such  winds  often  cause  great  discomfort  an( 
even  grave  danger  to  caravans  in  the  desert.  ''The  spectacle  is  f  righi 
ful,  the  impression  most  painful,  the  danger  real;  sand  obscures  th 
air  and  singes  the  face,  it  fills  the  ej^es,  the  mouth,  the  ears;  it  hurt 
the  throat  and  dries  up  the  water  skins  of  the  native  caravans,  whici 
arc  thereby  in  danger  of  perishing."" 

Such  winds,  called  "simoons"  or  "siroccos"  in  the  Sahara,  oftei 
blow  several  days  ia  succession,  sometimes  keeping  up  all  night 
During  such  winds  the  relative  humidity  sometimes  falls  as  low^  as  5 
per  cent  at  a  temperature  of  33^^  C,  corresponding  to  0.75  mm 
pressure  of  water  vapor,*  whereas  the  mean  humidity  of  the  dries! 
month  at  Paris,  for  example,  is  57  per  cent,  and  at  Biskra  25  per  ceni 
(see  p.  53). 

Observations  made  by  the  writer  at  Biskra  during  a  sirocco  at  l 
o'clock  p.  m..  May  13,  1900,  showed  even  less  humidity.  The  drj 
thermometer  read  38.5°  C.  and  the  wet  bulb  sling  thermometei 
15.3°  C,  corresponding  to  a  relative  humidity  of  2  per  cent  anc 
an  absolute  pressure  of  water  vapor  of  1.02  mm.''  Sometimes  the  aii 
is  so  dry  in  the  interior  of  the  Sahara  that  the  instruments  such  »i 
have  been  used  do  not  indicate  the  presence  of  any  water  vapoi 
whatever. 


«  Kolland,  Georges.     Goologie  du  Sahara  algerien,  p.  225. 

2>Ma88art,  Jean.  Un  voyage  botanique  au  Sahara.  In  Biil.  See.  Roy.,  Bot  d€ 
Belgique,  vol.  37  (1898),  I,  p.  273,  observations  made  near  Ouargla  at  noon,  May 
23,  1898;  the  wet<-bulb  sling  thermometer  n^istered  14.2°  C,  which  gives  nearly  i 
per  cent  relative  humidity  by  .Prof.  C.  F.  Mar\an'8  tables  (Weather  Bureau  Publica- 
tion No.  23o,  1900). 

c  Calculated  by  Prof.  C.  F.  Marvin,  Weather  Bureau,  U.  S.  Dept  of  Agriculture. 
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winds  have  no  bad  influence  on  the  date  palm,  but  on  the  con- 
•y  favor  the  proper  maturing  of  the  fruit  in  regions  where  the  sea- 
is  short  and  some  oases  in  northern  latitudes  fail  to  produce  a  crop 
lio  tot  winds  do  not  blow  frequently.^  The  date  trunk  is  so  strong 
I  e1a,stic  and  so  firmly  attached  by  the  cord-like  roots  that  it  is  an 
Eremely  rare  occurrence  for  a  palm  to  be  broken  or  blown  over*  by 
I  lioaviest  gales,  although  the  crown  of  leaves  at  the  top  of  the  slen- 
t  st^em  exposes  the  trunk  to  the  greatest  possible  strain.  The  leaves 
h  veiy  tough  and  strong  and  are  very  seldom  torn  by  the  wind  or 
nised  by  sand.  The  only  harm  heavy  windstorms  do  is  to  interfere 
vtli  the  setting  of  the  fruit  l)y  blowing  the  pollen  away.  This  injury 
n  ixsually  be  remedied  by  repollination  after  the  storm  is  over.  In 
e  Salt  River  Valley,  at  Tucson,  and  at  many  other  points  in  southern 
rizona,  the  average  wind  velocity  is  low  and  wind  storms  are  infre- 
lent,  so  the  date  palm  has  in  these  regions  no  particular  advantage 
rer  other  plants  because  of  its  ability  to  support  wind  and  sand  storms. 
I  the  Salton  Basin,  however,  the  case  is  different,  as  rather  heavy 
inds  are  not  uncommon,  and  dust  and  sand  are  often  carried  in  consid- 
rable  amounts.  These  winds  are,  however,  certainly  not  so  severe  as 
1  the  Sahara  and  will  in  no  way  interfere  with  successful  date  culture. 
It  seems,  however,  that  in  the  great  date  region  about  Bassorah,  at 
ie  head  of  the  Persian  Gulf,  the  ^'shamel,"  or  hot  wind  laden  with 
ust,  may  do  great  damage.  Mr.  Fairchild  states  *  that ' '  if  this  (shamel) 
ccurs  before  the  dates  have  sufficiently  matured  it  dries  them  up  and 
overs  them  with  dust,  checking  their  development  and  soiling  them 
o  that  they  are  refused  by  the  European  and  American  importers. 
jSLst  year's  crop  (1901)  was  seriously  injured  in  this  way,  and  the 
xport  was  reduced  from  nearly  2,000,000  cases  to  about  1,000,000." 

It  is  conceivable  that  the  enormous  losses  occasioned  in  the  Bassorah 
'egion  by  hot,  dust-laden  winds,  which  are  nowhere  else  reported  to 
lave  so  deleterious  an  action,  may  be  due  to  the  peculiar  character  of 
he  climate  at  the  head  of  the  Persian  Gulf.  The  proximity  of  the  sea 
causes  the  humidit}'^  to  be  much  greater  here  than  in  most  date-growing 
•egions,  and  this  unusual  humidity  may  perhaps  render  the  develop- 
ng  dates  peculiarly  susceptible  to  injury  by  desert  winds,  possibly  by 
rendering  their  surface  sticky  and  thereby  causing  the  dust  carried 
by  the  wind  to  adhere  to  them. 

The  cold  northwest  winds  which  often  blow  for  several  davs  at  a 
tune  during  the  winter  and  spring  in  the  Algerian  Sahara^  and  the 

o  At  the  oasis  of  Khabis  in  Persia  dates  do  not  ripen  well  unless  the  hot,  dry,  desert 
wind  blows  at  least  forty  days  during  the  summer.  Abbot,  cited  by  Fischer,  Die 
Dattelpalme,  p.  55. 

&  Fairchild,  D.  (1.  Persian  Gulf  Dates  and  Their  Introduction  into  America. 
Bui.  54,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture,  p.  28,  1903. 

<^ Holland,  Georges.     Ilydrologie  <lu  Sahara  algerien,  p.  416. 
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cold  north  and  east  winds  in  southern  Tunis  <*  are  said  to  hinder  the- 
pollination  of  the  date  palm.  When  they  occur  in  summer  they  retui 
the  maturing  of  the  fruit  and  may  even  cause  it  to  drop.  In  Seistan,  m 
the  plain  of  southern  Persia,  at  an  altitude  of  1,300  feet  above  the  sa 
level,  in  the  same  latitude  and  altitude  as  flourishing  date  oases  in  the 
Sahara,  date  culture  is  entirelj'  prevented  and  all  other  fruit  culture 
rendered  impossible  except  in  the  shelter  of  high  walls  by  the  ^*  Bad 
sado  biat,"  or  "120-day  wind,"  a  violent,  bitterly  cold  northwest 
wind  which  blows  from  the  spring  equinox  until  about  Juh*  20.^  This 
wind  woivd  destroy  the  flowers  of  the  date  palm  if  they  were  exposed 
to  it,  and  as  the  date  palm  can  not  easily  be  protected  by  walls,  its 
culture  is  not  attempted  in  this  region,  though  it  is  followed  in  oases 
lying  at  higher  altitudes  far  to  the  north  which  by  their  position  in  the 
shelter  of  mountain  ranges  are  protected  from  such  winds.  It  is  pos^ 
sible  that  in  spring  cold  winds  may  occur  in  the  Salton  Basin,  but  thej 
are  probably  less  violent  than  in  the  Sahara,  and  are  of  coiu^e  not  to  Ix 
compared  to  the  "  badi  sado  biat"  of  Seistan. 

BESISTANCE  OF  THE  DATE  PAIiM  TO  ALKALI. 

The  date  palm  has  long  been  known  to  withstand  large  quantities  oi 
alkali,^  and  some  have  even  claimed  that  a  certain  amount  of  salt  in  th< 
soil  is  beneficial  to  its  growth.^  As  to  how  much  alkali  the  date  palm 
can  resist  and  still  grow  and  bear  fruit  in  profitable  quantities  practi- 
cally nothing  definite  is  on  record,  notwithstanding  the  fact  that  hun- 
dreds of  thousands  of  dollars  have  been  invested  by  the  French  com- 
panies in  plantations  of  date  palms  in  the  oases  of  the  Algerian  Sahan 
where  alkali  abounds.  Apparently  the  date  palm  is  so  enormously 
resistant  that  it  has  not  been  necessary  to  pay  much  attention  to  th€ 
amount  of  alkali  in  the  soil  where  it  is  grown.  It  has  been  planted  on 
soil  of  practically  all  degrees  of  alkalinity  and  irrigated  with  all  sorts 


«Ma8solot,  Lesdattiere  des  oasis  du  Djerid.  In  Bui.  Direct,  de  PAjrriciilture  etdt 
Commerce,  Regence  <le  TimiH,  vol.  6  (1901),  No.  19,  p.  121. 

i'Bellew,  H.  W.     From  the  Indus  to  the  Tigris,  London,  1874,  p.  239. 

<Tlie  term  alkali  is  applied  rather  loosely  to  the  more  readily  soluble  saline  matters 
which  accumulate  in  the  soils  or  in  the  water  of  desert  regions.  In  spite  of  the  iiam^ 
such  salts  are  mostly  neutral  in  reaction,  consisting  chiefly  of  chlorids,  sulphates, 
and  nitrat<^s  of  the  bases  sodium,  potassium,  and  magnesium.  Only  the  carlKmates 
of  sodium  and  potassium,  constituting  the  much-dreaded  '*  black  alkali,*'  are  stn>ngly 
alkaline  in  reaction,  and  l>ecause  of  their  caustic  nature  much  more  deleterious  to 
most  plants  than  are  the  neutral  salts  or  "white  alkali,"  which  latter  are  injurioui 
chiefly  indirectly  by  rendering  the  soil  water  too  concentrated  a  solution  and  thorebt 
unfitt*Hi  to  nourish  the  roots. 

tf  Ibn-el-Fasel,  an  Andalusian  Moor,  whose  book,  written  in  the  twelfth  century, 
unfortunately  has  been  lost,  is  said  to  have  given  the  exact  amounts  of  salt  which 
should  be  mixe<l  with  the  manure  for  date  palms.  (See  Cusa,  Salvatore,  in  Archivo 
Btorico  siciliano,  I,  1873,  p.  356.) 
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of  ^water,  from  good  drinking  water  to  veritable  brine  containing  1 
per  cent  of  saline  matters.  It  is  the  custom  to  provide  for  drainage, 
usually  by  means  of  open  ditches,  in  the  oases  having  much  alkali  in 
the  soil  or  in  the  water.  If  the  drainage  is  good,  abundant  irrigation 
has  the  effect  of  washing  the  excess  of  alkali  out  of  the  soil.  However, 
even  in  such  situations  there  has  been  little  study  of  the  best  means  of 
preventing  the  accumulation  of  alkali  or  of  washing  it  out  of  the  soil, 
and  many  of  the  planters  have  no  comprehension  of  its  action  on  the 
date  palm. 

rNVESTIGATION   OF    THE   ALKALI-RESISTING   POWER  OF    THE  DATE  PALM 

IN  THE   SAHARA. 

In  view  of  the  entire  absence  of  trustworthy  data  as  to  the  alkali 
resistance  of  the  date  palm,  tlie  writer  detemiined  on  the  occasion  of 
his  last  visit  to  the  Sahara  Desert  in  1900  to  make  a  study  of  the  soils 
in  the  date  plantations  in  order  to  determine  the  amount  of  alkali  these 
soils  contain  and  what  effect  it  had  on  the  growth  and  fruiting  of  the 
date  palm  when  present  in  excessive  quantities.     Samples  of  soils  were 
secured  in  five  different  regions  in  the  Algerian  Sahai*a  (see  map,  PI. 
II,  p.  76),  representing  several  different  methods  of  culture  and  drain- 
age and  showing  all  degrees  of  alkalinity.     Through  the  kindness  of 
Prof.  Milton  Whitney,  Chief  of  the  Bureau  (then  Division)  of  Soils  of 
the  Department  of  Agriculture,  who  also  furnished  instruments  for 
collecting  and  studying  the  soils  on  the  spot,  these  samples  were  ana- 
lyzed by  Mr.  Atherton  Seidell  in  accordance  with  the  methods  usually 
followed  in  the  Bureau  of  Soils,  namely,  by  digesting  50  grams  of  soil 
in  a  liter  of  water  for  twenty-four  hours  and  then  analyzing  the  super- 
natant solution.     The  analyses  made  in  this  manner  do  not  represent 
accurately  the  conditions  existing  in  the  soil  water,  since  the  amount 
of  the  slightly  soluble  salts,  especially  gypsum,  reported  is  far  in  excess 
of  what  could  dissolve  in  the  soil  moisture,  which  in  the  rather  sandy 
loam  of  most  of  the  Saharan  oases  would  constitute  about  8  to  15  per 
cent  of  the  weight  of  the  soil,  whereas  in  the  method  followed  in  mak- 
ing the  analyses  about  150  to  200  times  as  much  water  was  used.     In 
this  bulletin,  therefore,  the  analyses  of  Mr.  Seidell  have  been  recalcu- 
lated in  order  to  represent  more  nearh"  the  conditions  existing  in  the 
soil.     The  amount  of  calcium  sulphate  that  goes  into  solution  in  the 
soil  moisture  has  been  estimated  at  0.05  per  cent  in  all  the  analyses, 
except  where  large  amounts  of  other  sulphates  were  in  solution,  when 
it  was  estimated  at  0.02  per  cent.     The  amount  that  dissolves  undoubt- 
edly varies  somewhat,  depending  on  the  quantity  and  nature  of  the 
other  salts  present  in  solution.     However,  the  amount  here  estimated 
is  not  far  from  the  quantity  actually  present,  and  its  inclusion  in  the 
analyses  renders  them  much  more  useful  than  to  omit  the  gypsum 
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altogether,  or  to  include  the  very  much  larger  amounts  reported  in  the 
original  analyses.^ 

The  solubility  of  gypsum  in  the  soil  moisture  is  difficult  to  estimate, 
especially  in  the  presence  of  large  amounts  of  other  salts  in  varying 
proportions.  The  researches  of  Doctor  Cameron  and  Mr.  Seidell,*  of 
the  Bureau  of  Soils,  show  that  in  pure  water  at  25°  C.  the  solubility  of 
calcium  sulphate  is  about  0.21  per  cent,  or  2.1  grams  of  calcium  sulphate 
per  liter  of  water,  which  would  equal  0.27  per  e^nt  of  gypsuni.  In  a 
1  per  cent  solution  of  common  salt  0.44  per  cent  of  gypsum  is  dissolved, 
and  in  a  4.9  per  cent  salt  solution  0.75  per  cent  of  gypsum.  In  mag- 
nesium chloride  an  even  greater  solubility  was  observed  and  in  a  10.5 
per  cent  solution  of  this  salt  11.13  per  cent  of  gypsum  dissolves.  On 
the  other  hand,  salts  which  yield  either  calcium  or  sulphuric  acid  ions 
on  solution  decrease  the  solubility  of  gypsum.  In  a  1.54  per  cent  solu- 
tion of  sodium  sulphate  only  0. 16  per  cent  of  gypsum  is  dissolved,  though 
in  a  stronger  solution  more  is  taken  up  until,  in  a  22.2  per  cent  solu- 
tion of  sodium  sulphate,  0.26  per  cent  of  gj^psum  is  dissolved.  Calcium 
cnlorid  in  solution  depresses  even  more  the  solvent  power  of  water 
for  gypsum. 

Estimating  the  water  content  of  the  Saharan  soil,  mostly  sandy  loam, 
at  10  per  cent  on  the  average,  and  the  solubility  of  calcium  sulphate  at 
0.5  per  cent  (equal  to  0.6  per  cent  of  gypsum)  on  the  average  in  the 
salts  such  as  occur  in  the  Fougala  and  Oued  Rirh  region  of  the  Sahara, 
the  amount  of  calcium  sulphate  to  be  counted  as  alkali  would  be  0.05 
per  cent  of  the  weight  of  the  soil.  When  there  were  large  amounts 
of  sodium  sulphate  present,  as  at  Chegga,  the  amounts  of  calcium 
sulphate  would  be  much  less,  probably  about  0.02  per  cent  (equal  to 
0.025  per  cent  of  gypsum)  of  the  weight  of  the  soik^ 

This  method  of  expressing  the  amount  of  alkali  is  the  one  most 
easily  applied  where  the  analyses  are  made  by  extracting  the  alkali 
with  an  excess  of  water,  but  it  is  very  doubtful  whether  it  gives  a  cor- 

o  In  most  alkaline  soils  the  presence  of  gypsum  is  advantageous  by  preventing  the 
formation  of  the  very  harmful  carbonates  of  sodium  and  potassium  (see  pp.  101  and 
119)  by  neutralizing  the  poisonous  effect  of  the  salts  of  magnesium  (see  p.  89). 
The  physical  action  of  alkali  in  rendering  the  soil  water  too  concentrated  to  sapport 
the  roots  of  plants  is,  however,  exerted  as  much  by  gypsum  as  by  any  other  salt  in 
solution  in  equal  amounts. 

6  Cameron,  Dr.  Frank,  and  Seidell,  Atherton.  Bui.  No.  18,  Bureau  of  Soils,  U.  S. 
Department  of  Agriculture,  pp.  39,  40,  and  46-57. 

cMr.  Seidell's  original  analyses  are  given  in  every  case  as  a  footnote  in  order  to 
facilitate  any  comparisons  which  students  of  alkali  conditions  may  desire  to  make 
with  analyses  reported  in  other  ways  than  has  been  done  by  the  writer.  As  a  result 
of  this  slight  emendation  the  analyses  are  l)rought  into  such  shape  that  the  results 
may  be  compared,  without  danger  of  serious  error,  with  the  determinations  of  alkali 
made  by  tlie  electrical  method,  on  which  data  all  the  newest  and  beat  maps  of  the 
alkali  lands  of  the  Southwest  which  have  been  issued  by  the  Bureau  of  Soils  have 
been  prepared. 
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rect  idea  of  the  alkali  condition  of  the  soil  in  relation  to  crop  produc- 
tion, since  the  most  important  factor  in  reference  to  plant  growth  is 
the  degree  of  concentration  of  the  soil  moisture.     Inasmuch  as  the 
water  capacity  varies  greatly  in  different  types  of  soils  it  is  easily 
possible  that  two  soils  having  the  same  percentage  of  alkali  by  weight 
may  differ  very  greatly  in  their  ability  to  support  crop  plants  sensitive 
to  alkali.     Thus  in  a  coarse  sandy  soil  having  a  low  water  content  the 
concentration  of  the  soil  moisture  may  be  three  or  four  times  as  great 
as  in  a  heavy  clay  soil  having  a  correspondingly  greater  water  capacity. 
Fortunately  it  is  now  possible  to  determine  quickly  and  accurately 
the  degree  of  concentration  of  the  soil  moisture  with  the  ingenious 
instrument  devised  by  Professor  Whitney  and  Mr.  Briggs,  by  meas- 
uring the  electrical  conductivity  of  a  column  of  soil  saturated  with 
water. ^    While  this  method  shows  approximately  the  degree  of  con- 
centration of  the  soil  water  to  which  the  roots  of  plants  would  be 
exposed,  it  gives  no  indication  as  to  the  composition  of  the  alkali, 
which  often  varies  greatly  in  soils  only  a  few  rods  apart.     Inasmuch 
as  different  soils  of  alkali  vary  greatly  in  their  poisonous  action  on 
the  roots  of  plants,  the  needs  of  the  biologist  and  agriculturist  would 
be  served  best  by  the  employment  of  both  methods,  the  electrical  giv- 
ing the  concentration  of  the  soil  water;  the  analytical,  its  chemical 
composition.     At  the  same  time  a  physical  analysis  of  the  soil  show- 
ing the  water  capacity  would  be  useful  in  forecasting  the  danger  of  an 
increase  in  alkali  content  through  the  evaporation  of  saline  irrigation 
water  or  by  a  rise  of  alkali  from  the  subsoil. 

The  soils  secured  from  the  Sahara,  with  the  exception  of  the  one 
above  mentioned  from  Biskra,  were  all  similar  in  nature,  being  com- 
posed of  sandy  loam  or  fine  sand.  In  consequence  the  results  of  the 
analyses  reported  in  this  bulletin  are  fairly  comparable  one  with 
another  and  are  not  likely  to  lead  to  an  overestimate  of  the  alkali- 
resisting  power  of  the  date  palm,  since  the  water  capacitj^  of  these 
soils  is  low,  and  as  a  result  of  this  the  concentration  of  the  soil  water 
is  high  in  proportion  to  the  percentage  of  alkali  present  in  the  soil. 
The  limits  of  alkali  resistance  worked  out  in  this  bulletin  are  then 
directly  applicable  to  the  soils  best  adapted  to  date  culture,  viz,  sandy 
loams,  and  for  all  other  heavier  soils  are  below  nither  than  above  the 
true  limit.* 


«This  method  depends  upon  the  degree  of  ionic  dissociation,  rather  than  the  total 
content  of  dissolved  substance,  and  gives  the  best  physical  measure  of  the  relative 
concentration  and  toxicity  of  solutions  of  similar  composition. 

ft  Very  coarse  sand  would  have  a  lower  water  capacity  than  the  Saharan  soils  here 
studied,  but  alkali  leaches  out  of  coarse  sand  very  easily,  so  that  in  such  soil  a  dan- 
gerous accumulation  of  alkali  is  not  common,  though  if  present  the  limits  here 
determined  for  the  alkali  resistance  of  the  date  palm  would  be  too  high  because  of 
the  excessive  concentration  of  the  soil  water  in  proportion  to  the  percental  of  alkali 
present 
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The  very  unusual  ability  of  the  date  palm  to  withstand  alkali  is  of 
the  utmost  importance,  since  it  permits  it  to  be  grown  profitably  in 
soils  unfit  for  any  other  paying  crop  and  where  ordinary  vegetation 
can  not  grow  at  all.  The  date  palm  is  also  of  great  value  in  aiding  in 
the  reclamation  of  alkaline  lands;  for  once  planted  to  dates  and  reg- 
ularly irrigated  the  soil  improves  b}^  a  washing  out  of  the  alkali  if  the 
irrigation  water  is  of  good  quality  and  if  drainage  facilities  exist.  The 
importance  of  the  alkali-resisting  power  of  this  plant  is  so  great  that 
the  results  of  the  examination  into  the  alkali  conditions  in  the  Algerian 
Sahara  are  given  in  detail,  as  they  constitute  the  most  trustworthy 
evidence  so  far  in  existence  as  to  the  amount  of  alkali  the  date  palm 
can  stand  without  injury. 

ALKALI   CONDITIONS  IN  RELATION  TO   DATE  CULTURE   AT  BISKRA,  ALCSKRIA. 

The  first  important  oasis  planted  to  date  palms  seen  in  entering  the  Sahara  by 
the  railway  is  at  El  Kantara  (see  map,  PI.  II),  where  a  narrow  gorge  separat€«  the 
Algerian  high  plateau  from  the  Sahara,  and  in  a  few  moments  the  train  passes  from  one 
region  to  the  other.     At  El  Kantara,  however,  the  date  palm  is  chiefly  valuable  in 
furnishing  a  shelter  and  partial  shade  to  other  fruit  trees,  and  it  is  at  Bii^kra  that  the 
date  palm  is  first  seen  under  conditions  permitting  its  best  growth.     This  oasii*  con- 
tained some  95,000  palms  in  1882,  and  now  has  a  total  of  about  100,000  bearing 
date  palms.    The  two  near-by  oases  of  Filiache  and  Chetma  contain  35,000  more. 
Biskra  is  situated  in  a  plain  near  the  west  bank  of  the  Biskra  River.    The  irrigation 
water  is  furnished  by  large  springs,  situated  in  the  bed  of  the  river,  which  yield 
alx)ut  13,000  liters,  or  3,434  gallons,  per  minute.     This  wat«r  has  been  analyzed  fre- 
quently, with  fairly  concordant  results,  the  content  of  dissolved  salta  being  given 
as  follows  by  various  chemists:  Vatonne,  0.216  per  cent;  Buvry,  0.2236  per  cent; 
Lahache,  0.226  per  cent;  Moissonnier,  0.2346  per  cent. 

The  detailed  analyses  by  Moissonnier  and  Buvry  are  as  follows: 

Table  11. — Composition  (in  percentage^  by  weight)  of  spring  tvater  v^d  for  irri^ting 

the  oasis  of  Biskra,  Algeria. 


Authority. 


Moissonnier  1 
Buvry  s 


Cal-     MaKne-'    Cal- 
cium     slum   I  cium 
carbon-,  carbon-     8ul- 
ate.    I    ate.    i  phate.  ,  phate 


"^^'       phate. 


0.0278  I  0.0070 
.01.%  ; 


0. 0621 
.0448 


0.0357 


0.0280 


Magne- 
sium 
chlo- 
rid. 


0.0102 
.0474 


Sodium 

chlo- 

rid. 


0.0R94 
.0878 


ToUl. 


.23» 


^  Moissonnier,  Recncil  de  m6m.  de  mMicine  mil.,  3  i*6r.,  vol.  31,  pp.  260-267. 

2 Buvry,  Zeitschrft.  f.  allgcm.  Erdkunde,  N.  F.,  vol.  4,  p.  200.    Vide  Fischer,  Die  Dattelpalme,  p.  41. 


In  winter,  when  there  is  a  flow  of  water  in  the  Biskra  River,  the  wat«r  in  the  irri- 
gating canals  may  contain  as  low  as  0.075  per  cent  of  dissolved  salts,  largely  gypeum 
(0.0437- per  cent),  according  to  Moish»onnier.« 

The  very  good  quality  of  the  water  in  winter,  together  with  the  shortage  of  water 
in  summer — there  being  only  0.1  liter  per  tree  par  minute  when  0.3  is  needed  (see 
p.  45) — favors  the  practice  of  winter  and  spring  irrigation  commonly  followed  in  this 


«An  analysis  of  the  river  water  mixed  with  the  spring  water  after  a  rainetorm  in 
April,  1880,  as  reported  by  Holland,  showed  only  0.04  per  cent  of  salts,  nearly  half 
calcium  carbonate  (0.01862  per  cent). 


•»t-  -i'v:"^^- 


-•v 
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oasis,  either  indirectly  by  growing  cropn  needing  abundant  irrigation  between  the 
palLLiH,  or  directly  in  poaking  the  ground  about  the  trees.  It  is  doubtless  because  of 
tlie  very  low  alkali  content  of  the  irrigation  water  in  winter  and  the  only  moderate 
content  in  summer  that  the  alkali  ia  not  troublesome  in  this  oasis,  although  surface 
fioo<iing  is  never  practiced,  water  being  applied  in  ex(;avations  called  "dahir,**  hold- 
ing a.  barrel  or  more  (PI.  XVII),  which  are  made  about  the  base  of  the  tree  (see 
p.  47).  Biskra  has  clay  soils  of  great  depth «  (as  nmch  as  40  feet)  and  this  doubt- 
less constitutes  an  additional  reason  for  irrigating  by  means  of  dahir,  since  such 
£soils  are  difficultly  permeable  for  water  and  have  a  great  water  capacity,  so  that  if 
irrigation  were  practiced  by  flooding  the  whole  surface  the  water  would  largely  be 
evaporated  or  absorbed  by  the  surface  layers  of  the  soil,  and  only  a  small  proportion 

"would  ever  percolate  to  the  roots  of  the  date  palm,  especially  in  summer,  when  the 

supply  of  wat-er  is  scanty. 

Station  No.  1,  where  soil  samples  were  secureci,  was  in  a  garden  belonging  to  the 

Victoria  Hotel,  some  25  feet  away  from  a  century-old  date  palm  (see  PI.  XIII),  and 

near  a  vigorous  young  Deglet  Noor  palm  (see  fig.  1,  p.  16).     Alfalfa  and  burr  clover 

{  3fedicago  deiUiculata)  were  growing  where  the  sample  was  obtained.     The  subsoil 

iw^as  a  stiff  clay. 

The  percentage  of  the  weight  of  the  soil  soluble  in  20  times  its  weight  of  water  was 

0.42  for  the  surface  foot  and  0.40  for  the  subsoil.     The  following  salts  were  found  by 

Mr.  Seidell: 

Table  12. — Amount  and  nature  of  salU  soluble  in  excess  of  vKiter  in  soil  from  date  garden 
at  Biskra  {expressed  in  percentages  of  tlie  total  vmght  of  the  soil)  .^ 


Depth. 


Surface  foot , 

Subsoil  (21  to  30  inches ) . 


Calcium 
bicarbon- 
ate. 


Magnesium 
bicarbon- 
ate. 


0.19 
.15 


I 


o.a'i 

.06 


Calcium 
8ulphat«. 


0.10 
.11 


Sodium 
chlorid. 


0.04 
.04 


PotAffidum 
chlorid. 

Total. 

0.04 
.01 

0.42 
.40 

iThifl  tiible  is  identical  with  Mr.  Seidell's  original  analysis. 

Disregarding  the  very  slightly  soluble  calcium  carbonate,  the  following  would  rep- 
resent approximately  the  alkali  content  of  the  soil  water: 

Table  13. — Per  cent  of  alkali  in  soil  of  jxUm  garden  at  Biskra f  Algeria. 


Depth. 


Surface  foot 

Subsoil  (12  to  11  inches) 


Calcium 
sulphate. 


0.5 
.5 


Sodium 
chlorid. 


0.04 
.04 


Potassium 
chlorid. 


0.04 
.04 


Magnesium 
bicarbon- 
ate. 


0.05 
.06 


Total. 


0.18 
.19 


The  amount  of  alkali  present  in  this  soil  is  insignificant  and  in  no  way  affected  the 
growth  of  alfalfa.  This  sample  is  also  interesting  as  being  a  heavy  clay  soil  of  the 
sort  which  largely  composes  the  oasis  of  Biskra,  but  which  does  not  occur  in  the 
other  oases  studied.  Such  soils  are  not  considered  as  favorable  for  date  culture 
as  loamy  or  sandy  loam  soils;  nevertheless  date  palms  grow  very  well  at  Biskra, 
although  the  late  sorts  do  not  ripen  their  fruits  properly  because  the  summer  and 
autumn  are  not  hot  enough. 

Of  the  area  surveyed  by  Messrs.  Holmes  and  Means,  of  the  Bureau  of  Soils,  in  the 
Salton  Basin,  California,  23,120  acres,  or  30  per  cent,  is  a  heavy  clay  comparable  to 
this  sample,  and  half  this  area  contains  less  alkali  than  the  Biskra  garden,  and  a 
quarter  more  contains  only  slightly  greater  quantities  (0.4  to  0.6  per  cent),  where 


«  Such  soils  are  common  in  the  Salton  Basin  in  California.     (See  PI.  Ill,  pp.  106 
and  108.) 
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the  date  palm  would  be  able  to  grow  as  well  as  in  the  Sahara  oa&s,  since  the  inigst- 
ing  water  here  is  of  better  quality  than  at  Biskra.^ 

ALKALI   CONDITIONS  IN  RELATION  TO   DATE  CULTURE  AT  POUGALA,  AJXtERIA. 

In  proceeding  west  from  Biskra  one  traverses  the  so-called  Western  Zab,  ^  whift 
is  first  seen  beyond  a  low  mountain  range,  the  Djebel  Mendjenaib,  adjoining  Biskra 
on  the  west.  The  Western  Zab,  or  more  accurately,  the  Zab  Dahri  (Map,  PL  11, 
p.  76,  and  PI.  XV),  is  a  flat  plain,  120  to  172  meters  above  sea  level,  whicL 
slopes  gently  to  the  south  or  southeast.  To  the  north  the  plain  is  Uniited  by  the 
foothills  of  the  Atlas  Mountains,  which  rise  rather  abruptly.  Throoghoat  thf 
Western  Zab,  at  least  along  the  route  followed  between  Biskra  and  Foogala  (see  map. 
PI.  II),  there  are  practically  no  surface  indications  of  water,  the  vegetation  beu^ 
very  scanty,  consisting  mostly  of  the  **Zeita'*  bush  [LimoniaMrum  guyoniaraon), 
which  usually  indicates  the  presence  of  much  gypsum  in  the  soil  where  it  grows 
(see  Yearbook  1900,  PI.  LIX,  fig.  5).  In  extremely  alkaline  spots  where  chloridg 
predominate  the  Zeita  disappears,  and  is  replaced  by  saltbushes  (A triplex),  sam- 
phires (Salicornia) ,  etc. 

There  occur  throughout  the  Western  Zab  occasional  lai^ge  springs  which  are  nsed 
to  irrigate  many  oases  situated  at  a  somewhat  lower  level  to  the  southward.  Begin- 
ning at  Farfar  there  is  seen  a  most  characteristic  and  most  curious  system  of  date 
culture.  The  young  date  offshoots  are  planted  at  the  bottom  of  pits  about  six 
feet  square,  and  from  4  to  8  feet  deep  (PI.  XV,  fig  1).  An  inspec1>ion  of  a  freshly 
made  ditch,  or  "bir,**  as  it  is  called  by  the  Arabs,  shows  that  the  ditch  is  just  deep 
enough  to  penetrate  an  impervious  hardpan,  composed  of  marl  and  gypsum.  Belov 
this  stratum  water  is  found  and  the  palms  are  so  planted  that  their  roots  can  ea&ly 
penetrate  to  the  water  level,  and  after  once  getting  established  they  are  able  to  grow 
without  being  irrigated  from  the  surface.  As  the  palms  grow  older  the  ditches  are 
slowly  filled  up,  the  palms  in  the  meantime  sprouting  forth  roots  all  along  the  lower 
part  of  the  trunk.  In  some  cases  very  old  trees  are  seen  to  be  banked  up  instead  cl 
being  planted  in  ditches  (PL  XIV,  fig.  1).  Curiously  enough  the  trees  planted  in 
such  pits  are  often  irrigated,  although  their  roots  are  in  contact  with  water.  As  will 
be  shown  later  on,  this  is  doubtless  done  in  order  to  aerate  the  subsoil  and  to  waali 
out  the  alkali,  which  would  otherwise  be  left  at  the  surface  by  the  evaporation  of 
the  moisture  brought  to  the  surface  by  capillary  attraction.  When  irrigated,  there 
is  of  course  perfect  drainage  through  the  bottom  of  the  **bir''  to  a  practically  ^ed 
water  level  below. 

At  Fougala  a  French  company  purchased  an  entire  oasis  containing  thousands  of 
old  bearing  date  palms,  and  has  made  in  addition  extensive  new  plantations.  This 
property  comprised  in  1900  some  263  hectares  and  contained  about  18,000  beanng 
date  palms  and  0,000  young  trees  not  yet  in  bearing.  On  this  property  irrigation 
has  been  practiced  on  an  extensive  scale,  although  the  older  palms  were  grown  by 
planting  in  pits  as  previously  described,  and  were  irrigated  when  young  by  the  Arabic 
method,  namely,  by  raising  water  from  shallow  wells  by  means  of  buckets  attached 
to  sweeps  ( "kitara" )  <^  (PI.  XIV,  fig.  2).  The  wells  on  this  property  are  from  9  to  12 
feet  deep  and  are  from  6  to  8  feet  square.  They  yield  about  35  gallons  per  minute, 
for  some  three  hours,  by  which  time  the  water  is  usually  exhausted.  These  sweeps 
are  run  at  this  rate  by  a  single  Arab,  although  on  some  wells  there  are  double  sweeps 
and  then  two  Arabs  work  side  by  side.  The  water  from  such  wells  is  jjoured  into 
a  large  receptacle  called  **jabia,"  from  which  it  flows  into  irrigation  ditches.     In 

«  Biskra  water  contains  from  0.075  to  0.235  per  cent  of  alkali  and  is  worst  in  sum- 
mer. (See  p.  76. )  Colorado  River  water  used  to  irrigate  the  Salton  Basin  contains 
from  about  0.021  to  0.125  percent  of  salts  and  is  best  in  quality  in  midsunmier,  when 
the  flood  occurs. 

ft  Marked  Zibane  in  the  map,  PI.  II,  p.  76. 

c  See  also  Yearbook  1900,  PI.  LXI,  fig.  6. 
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adilition  to  theue  native  wells  the  Ck)mpanie  de  POued  Rirh  has  put  down  several  arte- 
sian wells  «  which  are  some  80  meters  deep  and  yield  from  50  to  75  gallons  of  flowing 
water  jjer  minute,  which  is  conducted  directly  into  the  irrigation  ditches.  This  water 
is  remarkably  pure,  containing  very  much  less  salts  in  solution  than  the  artesian  water 
of  the  Oued  Rirh  country  or  that  of  Biskra.  A  rough  test  of  its  electrical  conductivity 
indicated  the  presence  of  about  0.085  per  cent  of  dissolved  salts. 

The  effect  of  irrigation  with  this  water  is  marvelous.     Old  date  palms  which  had 
made  a  slow  and  stunted  growth  and  which  had  fruited  but  little,  at  once  grew 
luxuriantly  when  irrigated  and  began  to  bear  heavy  crops  of  fruit.     Inasmuch  as 
these  trees  had  their  roota  in  constantly  moist  layers  of  earth,  the  effect  of  irrigation 
was  in  all  probability  due  not  so  much  to  the  increai«ed  supply  of  water  as  to  other 
actions  brought  about  by  irrigation.     In  the  first  place,  the  stnicture  of  the  soil  and 
the  manner  in  which  the  date  palms  are  planted  in  pits  which  penetrate  the  hard- 
pan,  l>elow  which  standing  water  occurs,  hinder  the  aeration  of  the  subsoil  and  at 
the  same  time  favor  the  accumulation  at  the  surface  of  the  alkali  dissolved  by  the 
capillary  currents  of  water  in  ascending  through  the  strongly  alkaline  soil.     On  the 
other  hand,  irrigation  with  the  remarkably  pure  water  furnished  by  the  deep  arte- 
sian wells  would  tend  to  have  exactly  the  opposite  effect,  namely,  the  subsoil  would 
be  aerated  by  means  of  the  water  which  had  been  flowing  in  surface  ditches,  and 
secondly,  the  watering  of  the  date  palms  with  an  abundant  supply  of  pure  water, 
coupled  with  a  perfect  system  of  drainage  by  means  of  the  holes  through  the  imper- 
vious subsoil  ft  over  which  the  trees  are  planted,  would  bring  about  the  washing  out 
of  the  alkali  from  the  soil,  especially  where  the  trees  were  irrigated  frequently  and 
with  large  amounts  of  water.    The  hardpan  would  t^nd  to  confine  the  alkali  and 
prevent  its  rise  between  the  trees  after  it  was  once  wa«he<l  out  of  the  soil. 

Although  the  date  palm  can  grow,  as  will  be  shown  further  on,  in  soils  containing 
as  high  as  3  per  cent  of  alkali,  even  when  irrigated  with  strongly  brackish  water  con- 
taining over  0.6  per  cent  of  salts  in  solution — it  being  in  fact  able  to  endure  more 
alkali  than  any  other  plant  cultivated  in  the  Sahara  Desert — there  can  nevertheless 
be  no  doubt  that  its  growth  is  retarded  and  its  fruitfulness  lessened  by  the  presence 
of  large  amounts  of  alkali  in  the  soil  or  in  the  irrigation  water.  It  was  noticeable  at 
Fougala  that  the  trees  which  were  grown  in  the  most  alkaline  parts  of  the  oasis,  and 
especially  where  surface  irrigation  with  pure  water  had  not  been  practiced,  were 
stunted  and  showed  a  pronounced  yellowish  color  of  the  leaf  and  especially  of  the 
leafstalk.  This  was  later  seen  in  the  oases  in  the  Oued  Rirh  country,  and  it  would 
seem  to  be  an  indication  of  an  excess  of  alkali  beyond  the  amount  which  the  trees  can 
endure  without  noticeable  injury. 

An  effect  of  pure  water  similar  to  that  observed  at  Fougala  has  been  noticed  at 
Koseir,  in  the  Egypto- Arabian  desert,  on  the  shores  of  the  Red  iSea,  where  Klunzinger 
reports  ^  that  dwarfed  date  palms  80  to  40  feet  high  grow  on  the  very  alkaline  soil 
and  were  nourished  by  very  brackish  water,  but  yield  crops  of  small  but  very  sweet 
dates  only  in  good  years  after  heavy  rains.  The  action  of  these  heavy  rains  probably 
would  be  much  like  that  of  the  irrigation  with  the  pure  artesian  water  at  Fougala. 


«The  natural  springs  in  the  Western  Zab,  acconiing  \jo  Rolland  (Ilydrologie  du 
Sahara),  are  supplied  from  the  same  source  that  feeds  the  artesian  wells,  viz,  the 
water  carried  in  the  cretaceous  strata  which  are  upturne<l  in  the  Aures  Mountains 
limiting  the  Sahara  on  the  north  and  which  underlie  the  whole  northern  l^elt  of  the 
Sahara.  The  water  of  these  springs  soaking  into  the  soil  fee<ls  the  superficial  layer 
of  w^ater  which  directly  underlies  the  hardpan  at  Fougala.  Very  probably  this 
hardpan  has  been  fonned  by  the  action  of  this  standing  water. 

^  Professor  Hilgard  has  note<l  the  drainage  through  holes  in  the  hardpan  in  the 
San  Joaquin  Valley  in  California.     Bui.  No.  83,  California  Ex])eriment  Station. 

^  Klunzinger,  C.  B.  Die  Vegetation  der  egyptisch-arabischen  Wuste  bei  Koseir, 
in  Zeitschrift  d.  Gesellschaft  f.  Erdkunde,  Berlin,  vol.  13  (1878),  pp.  432-462. 
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It  is  difficult  to  say  how  much  of  the  l)eneficial  effect  ol)served  in  Fougala  froca  [ 
surface  irrigation  is  due  to  the  better  aeration  of  the  subsoil  thereby  brought  aboat 
There  can,  however,  be  little  doubt  that  the  date  palm  is  distinctly  favore«i  by  i 
proper  aeration  of  the  soil  in  which  it  grows,  shice  the  palms  at  Fougala  when  irri- 
gated from  the  shallow  wells  did  better  than  those  nearby  which  have  their  roots  in 
contact  with  the  very  same  layer  of  water  which  fills  these  wells.  Of  ct>urse  th« 
identity  of  the  water  supply  in  the  case  in  question  does  not  exclude  the  probability 
of  the  alkali  being  washed  out  from  the  surface  soil  by  abundant  irrigation,  even  if 
the  water  used  is  rather  brackish.  Unfortunatelv  no  tests  were  made  of  the  water 
in  these  surface  wells,  but  it  is  undoubtedly  nuich  more  alkaline  than  the  water  of  the 
deep  artesian  wells.  Other  observations  made  at  Ourlana  in  theOueti  Rirh  regie* 
went  far  to  show  that  pn)j)er  aeration  of  the  subsoil  is  even  more  important  thin 
absence  of  alkali  for  the  projier  growth  and  fniiting  of  the  date  palm.  For  ini^tance, 
the  extremely  brackish  water  which  flows  from  the  drainage  ditches  is  neverthek* 
used  in  some  instances  to  irrigate  palms  planted  at  lower  levels  and  without  apparent 
injury,  although  such  palms  do  not  show  a  rapid  growth  (see  p.  98). 

Station  No.  1  at  Fougala  represents  the  undisturbed  desert  c^ondition8  (PI.  XV, 
fig.  1).  It  was  situated  where  no  culture,  drainage,  or  irrigation  ha<i  Ijeen  practice^l 
or  at  least  not  in  modern  times.^  The  samples  were  taken  a  short  distance  to  the 
northeast  of  the  ruins  of  an  old  Roman  fort.  The  natural  vegetation  consisted  of 
a  scanty  growth  of  saltbushes,  samphires,  and  other  plants  able  to  stand  much  alkali. 
A  date  palm,  yellow  and  evidently  not  in  a  thriving  condition,  wa4»  grow-ing  near  by. 

The  amount  of  alkali  present  in  the  surface  crust  and  at  various  dex)ths  Ls  shown 
in  the  following  table: 

Table  14. — Per  cent  of  alkali  in  undisturbed  ^Stiharan  soil  at  Station  Xo.  7,  Fou^fala, 

Algeria.^ 


Depth. 


Calcium  ^!!^^:- 
sulphate,     pj^^^^ 


Surface  crust 

Surface  soil  (1  to  12 

inches) 

Subsoil  ( 12  to  80 1  nchcM ) 
Subsoil  (80  to48inches— 

estimated ) 


0.07 
(.05) 


Soil  (1  to  4  feet— esti-  , 
mated) 


0.41 

.34 
.23 

(.17) 
(0.38) 


I 


cywit.in.     u.^t.in^     Potassi-    Maifne«i-    Sodium 


1.44 
.37 


9.19 

3.79 
1.32 


rid. 

0.53 

.29 
.12 


(.98)|  (.10) 

(1.98) 


rid. 


0.02 

(.02) 


nte. 

0.12  ' 
.08  I 

.OS  ; 


11. :« 

4.« 


(.0**>       fl.« 
(.OHi'      (2.44 


1  Mr.  Seidell's  original  annlyHcs  of  the  samplcH  from  this  station  are  as  follows: 


Comp<JBition. 


Ca 

Mg... 
Na... 
K.... 
8O4... 
CI.... 
HCOg 


Total. 


Crust. 


Soil,  0-12  inches. 


Subsoil.  12-30 
incheos. 


Alkali  in  ^'J5^\f^'"l  Alkaliin 


S(M1. 


alkali. 


soil. 


^.^J^- .  Alkali  in  <^?f?I«3 


lion  of 
alkali. 


soil. 


tionof 
Alkali 


Per  cent. 

Per  cent. 

1.65 

9.53 

.08 

.48 

4.12 

23.81 

.28 

1.60 

5.26 

30.42 

5.82 

33.64 

.09 

.52 

17.30 


100.00 


CaS04.. 
MgSO*  . 
KCl.... 
NaCl... 
Na«S04 . 
NaHCO 
MgClg.. 


Total. 


5.61 

32.38 

.41 

2.41 

.63 

3.08 

9.19 

53.06 

1.44 

8.36 

.12 

.72 

17.30 

100.00 

«  Similar  conditions  near  this  station  are  shown  in  Yearbook,  1900,  PL  LXI,  lag.  4, 
in  the  background. 
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It  will  be  noted  that  the  most  rt'adily  eoluble  ealte,  sodium  Holphate  aod  the 


shlorides,  are  lai^Iy  couoentnited 
the  acmmpEitifing digram  (fig.  9), 
approximately  the  distribution  at ' 
posing  the  alkali  at  this  etation. 
This  distribution  of  alkali  ' 


)  the  surface  soil.  This  ia  shown  graphically  it 
n  which  the  corves  are  smoothed  ro  as  to  show 
irioUB  depttis  of  the  more  importoot  salts  com- 

e  when  there  is  a 


appreciable  rain- 
fall, as  in  the  northern  Saiiara  (about  9^  inchexat  Biskra),  but  ia  very  unlike  that  of 
bhe  nearly  reinless  Salton  Baxin,  where  the  subsoil  often  contains  more  alkali  than 
the  surface  layere. 

rFhis  soil  was  excessively  alkaline,  the  surface  foot  containing  nearly  one-twentieth 
of  its  weight  of  alkali,  and  tbe  whole  surface  soil  to  a  depth  of  4  feet  containing  nearly 
2.&per  ceat  of  alkali.  Thealkali  is  characterized  by  the  large  proportion  of  chlorides 
(ainounting  to  81  per  cent  of  the  total  salts),  of  which  almost  all  in  common  salt, 
-which  alone  makes  up  nearly  4  x>er  cent  of  the  weight  of  the  surface  foot,  or  some 
ieO,000  pounds  per  acre  in  the  surface  foot! 
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;■/ 

|«    / 

ii/ 

j|  ^ 
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32IM. 
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401N. 

,„, 

«,, 

nuttJt 

«,„ 

/>vr- 

a/n 

Citmrntin.SatefSinUiifn.Cf>Zaflii) 

— Moffruila/n.  Sulpfiate 

CUUMbar- Salt(Sodiam.Stdphatt} 

Fio.  *.— Curns  showing  distribution  at  iilkall  to  a,  ilcplh  of  4  teal  hi  uncultlvalcd  Suharau  soW  at 
Station  Ni).  1,  FougsU.  AlgiTliL. 

This  soil  is  very  interesting  as  representing  practically  the  extreme  limit  of  endur- 
ance of  the  date  palm  for  this  type  of  alkali.  I  In  fortunately  samples  were  not 
obtained  down  to  the  hanlpan,  but  if  the  decrease  followeii  the  same  ratio  as  in  the 
Station  No.  2,  the  amount  of  alkali  in  the  subsoil  at  30  to  48  inches  woulil  be  aliont 
1.42  per  cent,  and  the  average  for  the  soil  to  a  depth  of  4  feet,  2.55  percent. 

Btation  No.  2,  where  the  soil  was  sampled  at  Pougala,  was  only  a  few  hundred 
feet  from  Station  No.  1,  in  a  young  date  plantation,  where  irrigation  had  been  prac- 
ticed for  three  years.  The  samples  were  taken  by  cutting  away  a  foot  or  so  of  the 
side  of  the  pit,  or  "  bir,"  in  which  a  date  palm  had  been  planted  three  years  before, 
Freeh  earth  was  reached  before  the  sample  was  taken.  Hardpan  wasencountered 
at  a  depth  of  4  feet.  The  appearance  of  the  locality  is  shown  in  the  backgroimd  of 
Plate  XV,  figure  2. 
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The  following  amounts  of  alkali  were  found: 

Table  15. — Per  cent  of  alkali  in  soil  of  young  date  plantation,  station  Xo,  £,  fbupsk 

Algeria.^ 


Depth. 

Calcium 
sulphate. 

0.06 
.05 
.06 
.06 

Magne- 
sium 
sulphate. 

rhodium 

sul- 
phate. 

Sodium 
chlorid. 

Pota.s- 

sium 

chlorid. 

Ma^rne- 

fdum 
chlorid. 

Sodiam 
bicar- 
bonate. 

ToaL 

Surface,  foot 

0.25 
.15 
.07 
.04 

0.04 

1.38 
.09 
.06 
.04 

0.18 
.09 
.07 
.06 

0.08 

.06 
.09 
.08 

1.x 

Subsoil  ( 12  to  30  inches) . . 
Subsoi  1  ( 80  to  48  inches ) . . 
Hardpan  (48  to  64  inches) 

0.05 
.04 
.04 

.a 
.s 

.9 

Soil.  1  to4fect 

-21 

.iU 

.08           ■ 

• 

1  Mr.  Seidell's  original  analyses  of  the  samples  from  this  station  are  as  follows: 


Ca  ... 
Mg... 
Na... 
K.... 
SO4  .. 
C1-... 
HCO3 


Total. 


CaS04 . . . 

MgS04  .. 

KCL.... 

NaCL... 

Na^04 .  - 

NaHCOs 

MgCla-.- 


Total 


Soil,  0  to  12  inches. 


Alkali  Compo- 
iiiSil  sitionof 
in  sou.       alkali. 


Per  cent. 


1.30 
.06 
.68 
.09 

3.35 
.92 
.06 


Per  cent. 

20.46 

.79 

9.14 

1.47 

62. 70 

14.50 

.94 


Subsoil,  12  to  30 
inches. 


Alkali 
in  soil. 


Compo- 
sition o( 
alkali. 


iVr  cent. 

1.23 
.04 
.06 
.06 

3.07 
.14 
.06 


6.35 


I 


100.00 


4.65 


Per  cent. 

26.60 

.9-1 

1.24 

.99 

66.03 

8.01 

1.29 

100.00 


Subsoil.  30  to  48 
inches. 


Ck>mpactgypes& 
subeoil,  48  10  54 
inches. 


Alkali 
in  soil. 


Per  cent. 
1.18 
.02 
.06 
.08 
2.90 
.10 
.06 


4.34 


alkali.   I  ^°^"-       alkali 


Per  cent 

27.19 

.65 

1.10 

.83 

66. 56 

2.25 

1.52 


100.00 


4.42 
.25 
.18 

1.38 
.04 
.08 


69.56 
3.90 
2.83 

21.70 

.72 

1.29 


Tn    ' 


4.19 
.15 
.09 
.09 


.08 
.05 


89.99 
3.18 
1.89 
2.02 


1.76 
1.16 


4.02 
.07 
.07 
.06 


.09 
.04 


92.37 
1.70 
1.66 
1.43 


2.07 
.87 


6.35 


100.00 


4.65 


100.00 


4.35 


100.00 


PrrcenL 

PereeiL 

1.08 

27.?l 

.02 

.« 

.02 

.8 

.08 

.9 

2.63 

at 

.06 

LH 

.06 

La 

8.9) 


100. 


8. 68 
.04 
.06 


9i« 
l.tt 
LM 


.08 
.04 


2.9 
LH 


3.90 


lOO.* 


The  results  of  three  years*  irrigation  with  pure  artesian  water  is  very  striking.  The 
surface  cnist  has  disapixjared  entirely  and  the  amount  of  alkali  has  greatly  decreased 
at  all  depths. 

Station  No.  3  at  Fougala  was  situated  in  the  space  between  large  dat«  palms,  whid) 
were  in  a  most  thriving  condition  as  a  result  of  eleven  years'  irrigation.  Garde* 
vegetables  and  cereals  had  l3een  grown  on  the  land  for  a  number  of  years.  ^« 
hardpan  layer  was  reached  at  a  depth  of  only  26  inches. 
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'abl^b  16. — Per  cent  of  alkali  in  soil  in  old  date  plantation,  station  No.  S,  Foutgakif 

Algeria.^ 


Depth. 

Calcium 
sulphate. 

Ma^e- 
sium  sul- 
phate. 

Sodium 
chlorid. 

Potas- 
sium 
chlorid. 

MagnC' 

slum 
chlorid. 

Sodium 
bicar- 
bonate. 

Ma^e- 
sium  bi- 
carbon- 
ate. 

Total. 

w»  T*f fl.c*e  foot 

0.06 
.05 
.05 

0.06 
.12 
.(M 

0,05 

0.02 
.06 
.08 

0.01 
.05 
.04 

0.09 
.10 
.03 

0.28 

ubeioil  12-26 

.38 

lAT<ipan,  26-28 

0.05 

.24 

oil  1-4  (estimated). 

(.12) 

(.08) 

(.09) 

(.29) 

1  If  r.  Seidell's  original  analyses  of  the  samples  from  this  station  are  as  follows: 


^fa  ... 

K 

3O4  -- 
Dl 

BCOa 


Total. 


0(804. .. 

MKSO4  . . 

KCl 

NaCl.... 
NaHCOa 
M«?CU... 

~     nicos 


MgH< 


Total. 


Soil,  0  to  12  inches. 


Alkali  in 
soil. 


Percent. 
0.31 
.01 
.04 
.01 
.78 
.05 
.06 


1.26 


1.04 
.06 
.02 
.05 
.09 
.01 


1,27 


Ck)mpo- 

sitlon  of 

alkali. 


Per  cent. 

24.05 

1.26 

3.30 

.94 

61.33 

3.93 

5.19 


100.00 


81.76 
4.56 
1.73 
3.77 
7.08 
1.10 


100.00 


Subsoil.  12  to  26 
inches. 


Alkali  in 
soil. 


Percent. 

1,10 
.03 
.03 
.08 

2.74 
.06 
.08 


4.07 


3.74 
.12 
.06 


.10 
.05 


4.07 


Compo- 
sition of 
alkali. 


Per  cent. 

27.03 

.88 

.69 

.73 

67.19 

1.57 

1.91 


100.00 


91.82 
2.98 
1.37 


2.60 
1.23 


100.00 


Compact  ^ypenm 

subsoil,  20  to  28 

inches. 


Alkali  in 
soil. 


Percent. 

1.12 

.03 

roi 

.01 

2.73 

.04 

.06 


4.00 


3.81 
.04 
.03 


.03 
.04 
.05 


4.00 


Compo- 
sition of 
alkali. 


Per  cent. 

28.03 

.70 

.25 

.40 

67.94 

1.04 

1.64 


100.00 


95.21 
.95 
.75 


.90 

.96 

1.24 


10.000 


The  results  of  long-continued  irrigation  with  pure  water  and  of  good  drainage 
through  the  holes  in  the  hardpan  are  clearly  shown  in  the  very  much  lower  percent- 
aj^^es  of  alkali  than  at  stations  1  and  2.  The  most  remarkable  feature  of  this  soil  is  the 
almost  complete  absence  of  common  salt,  so  abundant  at  the  other  two  stations  at 
Fougala,  where  indeed  it  constituted  the  bulk  of  the  alkali.  The  analyses  of  the 
soils  from  these  three  stations  represent  three  stages  in  the  reclamation  of  very 
alkaline  desert  land  and  are  very  instructive.  Tlie  conditions  somewhat  resemble 
those  in  the  Salton  Basin,  California,  where  the  irrigation  water  is  also  very  pure 
and  where  likewise  the  alkali  is  largely  comp(j8cd  of  chlorides.  In  the  latter  region, 
however,  there  is  no  hardpan  through  which  holes  for  drainage  can  be  dug  and  which 
would  serve  to  keep  the  alkali  down  when  once  it  was  washed  out  of  the  soil.  Where 
good  drainage  can  be  provided  the  soils  in  the  Salton  Basin  doubtless  can  be  as 
completely  freed  from  harmful  excess  of  alkali  as  those  of  Fougala  have  been. 

Station  No.  4  at  Fougala  was  situated  in  a  very  alkaline  spot — too  alkaline  to  grow 
any  crops — near  a  date  palm  which  was  yellow  and  stunted,  but  which  had  never- 
theless managed  to  live  twenty  years  or  more.  Only  the  surface  crust  was  secured; 
it  showed  the  following  percentages  of  alkali  salts  soluble  in  an  excess  (20  times  the 
weight  of  the  soil  sample)  of  water.  The  surface  crust  from  station  No.  1  is  also 
given,  analyzed  in  the  same  way. 


84 


THE   DATE    PALM. 


Table  17. — Per  cent  of  alkali  BolubU  in  excess  of  waler  in  surface  crusts  from 

Algeria, 


, 


Station. 

Calcinm 
sulphate. 

Ma«peiiiini 
sulphate. 

Sodium 
sulphate. 

Sodium 
chlorid. 

PotasBiDm 
chlorid. 

Sodinra  b&- 
carbofiiatie. 

UM 

Bariace    cnist,  sta- 
tion N0.41 

8.81 
5.61 

0.84 
.41 

5.52 
1.44 

4.82 
9.19 

0.40 

ai5 

Surface    crost,   sta- 
tion No.  1 

.53 

.12 

m 

1  Mr.  Seidell's  original  analysis  of  this  surface  crust  is  as  follows: 


Ca 

Mg 

Na 

K 

SO 

CI 

HC03 

Total 


Surface  soil. 


Alkali  lnComP<^- 


soil. 


Perceni. 
1.12 

.17 
8.53 

.21 
7.08 
2.81 

.12 


alkali. 


Percent. 

7.44 

1.13 

23.51 

1.41 

47.10 

18.71 

.70 


15.04 


100.00 


Ca804 

iJ^.:::: 

NaCl 

Na-SO^.... 
NabCO,  .. 

Total 


SaifacesKS. 


AlkaUfn 
aolL 


xTT  OCfttm 


4. 
5. 


81  SJ 

Si  U 

40  '  11 

32  a.* 

62  I  J13 

15  j  .1 


15. 04 


WL* 


I 


The  crust  from  Station  No.  4  shows  leas  than  half  as  much  common  salt  (sodia 
chlorid),  but  four  times  as  much  Glauber's  salt  (sodium  sulphate)  as  that  froa 
station  No.  1. 


ALKALI   CONDITIONS   IN   RELATION  TO  DATE  CULTURE  AT  CHBOGA,  ALGERIA. 

In  traveling  southward  from  Biskra  one  follows  near  the  course  of  the  Biskra  Riv^; 
and  passes  occasional  areas  covered  with  bushes  and  small  trees,  which  dcmUki 
get  scanty  supplies  of  water  by  seepage  from  the  subterranean  flow  in  the  riTB 
After  crossing  the  Oued  Djedi  (see  map,  PI.  II,  p.  76),  which  is  the  principal  arterrd 
surface  drainage  of  the  Algerian  Sahara,  but  which  is  usually  entirely  dry,  the  SmiB 
Desert  of  Morran  is  entered,  a  region  almost  entirely  devoid  of  vegetation.  Ataboi^ 
30  miles  south  of  Biskra  the  "bord3"«  of  Chegga  (see  map,  PI.  II,  p.  76)  is  reached. 
Chcgga  is  about  22  meters  (72  feet)  above  sea  level,  and  is  only  about  8  miles  froa 
the  Chott  Melrirh,  a  salt  lagoon  nearly  dry,  which  is  here  some  90  feet  below  sa 
level.  Samples  were  secured  of  the  water  from  a  flowing  artesian  well  which  ini- 
gates  the  little  group  of  palms  near  the  bordj,  and  which  in  spite  of  its  bad  qaafitr 
is  used  for  drinking  and  for  cooking  purposes. 

Alx)ut  a  mile  to  the  eastward  and  at  a  somewhat  lower  level  is  a  date  plantation  d 
some  size,  the  property  of  a  French  company.  Here  samples  were  secured  of  tbt 
artesian  water  used  to  irrigate  this  plantation.  Analyses  are  given  herewith  of  the 
water  of  the  two  artesian  wells  at  Chegga,  made  by  Mr.  Seidell,  and  also  the  analys 
by  Camot*  (of  the  ^^.cole  des  Mines,  Paris)  of  the  water  from  the  Bir  Djefur  wdl 
some  6  miles  north  of  Chegga. 

«  A  bordj  is  a  fortified  shelter  for  travelers,  such  as  is  common  in  Algeria. 
6  Holland,  Hydrologie  du  Sahara,  p.  294. 
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(LJEB  18. — Composition  (in  percentage  by  weight)  of  artesian  umter  at  Chegga  and  of  the 

well  at  Bir  Djefa'iry  Algeria. 


Locality. 


nB»*bordji 

Kii,dat( 

Jefairs 


KKci><^ftte  plantation  > 


Galdam    Magne 


carbon- 
ate. 


(dum  car- 
bonate. 


0.01S36 


0.00187 


Iron  car- 
bonate. 


0.00102 


Calcium 
sulpbate. 


0. 1790 
.2062 

.17781 


Magne- 
sium sul- 
phate. 


0.0829 
.0966 
.06632 


Sodium 
sulphate. 


0.2067 
.1215 
.06214 


Sodium 
chlorid. 


0.0808 
.1965 
.06864 


Locality. 


sec8ra,Bordj ;..-....... 

»Kat  date  plantation  i 
I^eialrs 


Potaiei- 
um  chlo- 
rid. 

Sodium 
carbon- 
ate. 

Sodium 
bicarbon- 
ate. 

Silica. 

Nitmtes 

and 
soluble 
organic 
matter. 

Organic 
and 

mineral 
matter  in 

suspen- 
sion. 

* 

0.0133 
.0127 
.00632 

0.0030 
.0030 

0.0033 
.0016 

0.00480  >    0.00080 

1 

0.00280 

Total. 


0.5485 
.6401 
.41291 


Seidell's  original  analyses  of  artesian  water  of  Chegga  are  as  follows : 


Well  at  date  plan- 
tation. 


Alkali 
per  100  CO. 


5i:: 

DO,. 


Gram. 

0.0607 
.0195 
.1190 
.0067 
.3047 
.0017 
.0033 
.1245 


Total. 


.6401 


18O4. 

•.SO, 
aCl.. 


[abCOi. 


Total. 


.2062 
.0966 
.0127 
.1215 
.1955 
.0030 
.0046 


.6401 


Composi- 
tion of 
alkali. 


Percent. 

9.48 

3.05 

18.59 

1.05 

47.60 

.27 

.51 

19.45 


100.00 


32.22 

15.09 

1.98 

18.98 

30.54 

.47 

.72 


100.00 


Well  at  Bordj 
(drinking  water). 


Alkali 
per  100  cc. 


Oram. 

0.0627 
.0127 
.1008 
.0070 
.3162 
.0017 
.0024 
.0550 


.&185 


.1790 
.0629 
.0133 
.2067 
.0803 
.0030 
.0033 


.5485 


Composi- 
tion of 
alkali. 


Percent. 

9.61 

2.32 

18.37 

1.28 

57.65 

.31 

.44 

10.02 


100.00 


82.63 

11.47 

2.42 

87.69 

14.64 

.55 

.60 


100.00 


*Rolland,  Hydrologie  du  Sahara. 


The  preponderance  of  sulphates  is  marked  in  the  water  of  the  well  used  to  irrigate 
lie  date  plantation^  They  constitute  66. 28  per  cent  of  the  total  soluble  salts,  whereas 
(he  chloridsjnake  up  only  32.529  per  cent.^. 

The  contrast  with  Fougala  is  most  striking.  There  the  artesian  water  was  very 
pnre,  containing  only  about  0.085  yer  cent  of  dissolved  salts,  whereas  at  Chegga  the 
irater  contained  0.6401  per  cent,  or  nearly  eight  times  as  much  alkali.     This  water 

aThe analyses  made  by  Jjahache  (Archives de medicine  milit.,  vol.  14  (1889), p.  50) 
have  shown  the  existence  of  soluble  nitrates  in  the  artesian  water  of  all  regions  of  the 
Algerian  Sahara.  At  Chegga  22.5  grams  per- cubic  meter  were  found,  or  0.00023  per 
cent,  corresponding  closely  to  the  0.00030  per  cent  of  nitrates  and  dissolved  organic 
matter  reported  by  Camot  in  the  analysis  of  the  water  of  the  well  at  Bir  Djefai'r. 
No  nitrates  were  found  by  Mr.  Seidell,  though  tests  were  made.  Possibly  the  small 
amounts  present  had  been  consumed  by  micro-organisms  before  the  water  was 
analyzed.  The  nitrates  present  in  the  artesian  water  are  considered  by  Marcassin 
(Annal.  Inst.  Nat.  Agron.,  1895)  to  be  of  considerable  importance  in  supporting  the 
date  palm  and  other  vegetation  grown  by  irrigation  in  the  Algerian  Sahara. 
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would  be  counted  too  alkaline  to  use  for  irrigation  <>  anywhere  oattnde  of  the  Siima 
though  at  Chegga  it  is  the  only  water  used  to  irrigate  a  flourishing  date  oitfari^ 
planted  on  soil  originally  very  alkaline,  but  which  has  been  improved,  even  wlA 
being  irrigated  with  such  water,  by  means  of  drainage  ditches  into  which  the  eim 
of  alkali  has  been  washed.  Figure  1  on  Plate  XVI  shows  the  appearance  of  tid 
palms  growing  where  alkali  can  be  seen  at  the  side  of  the  irrigation  ditcbee.  Fka 
2  on  the  same  plate  shows  a  reclaimed  area  where  Saharan  alfalfa  was  growing. 

Station  No.  1  at  Chegga  was  in  the  date  plantation  in  a  very  alkaline  spot,  ckt^x 
an  offshoot  that  had  failed  to  grow,  probably  because  of  the  excess  of  alkali  in  tii 
soil.  The  sul)Soil  was  taken  from  the  side  of  the  drainage  ditch,  pome  18  feet  svfl 
and  may  not  represent  the  true  state  of  the  subsoil  where  the  surface  soil  ami  crti 
were  taken. 

The  crust  shows  the  following  amoimte  of  alkali  soluble  in  an  excess  of  water  ii 
times  weight  of  soil  sample) : 

Table  19. — Per  cent  of  alkali  soluble  in  excess  of  nxsier  in  surface  cruM/rom  f^atwn  3f.i 

Chegga^  Algeria.^ 


Locality. 


Chegga,   Station  1, 
surface  crust , 


Calcium '^,«*^,t; 
sulphate.  «---»■ 


Sodium 
sulphate. 


3.76 


1.68 


56.44 


Sodium 
chlorid. 


2.87 


Pota8- 

sium 

chlorid. 


Sodium 
bicar- 
bonate. 


S<>dium 

carbon-  j   Tr«»- 
ate. 


0.16 


0.16 


0.06 


Rl 


The  soil  shows  the  following  auiounts  of  alkali: 

Table  20. — Per  cent  of  alkali  in  soil  of  d<Ue  plantation^  Station  i,  CKeggaj  Algervi. 


Depth. 


Surface  foot 

Subsoil  at  3  feet 


Soil  1  to  4  feet  (estimated) , 


Calcium 
sulphate. 

0.02 
.02 

Magne- 
sium 
sulphate. 

Sodium 
sulphate. 

Sodium 
chlorid. 

Potas- 
sium 
chlorid. 

0.20 
.26 

4.89 
1.50 

0.53 
.80 

0.10 
.08 

(2.61) 

(.« 

K2) 

Sodium 
bicar- 
bonate. 


1  Mr.  SeideU's  original  analyses  of  the  samples  from  this  station  are  as  follows: 


Ca  ... 
Mg... 

Na... 

K.... 

S04 . . . 

CI.... 

HCO3 

CO3.. 


Total. 


CaSO^... 
MgSOi.. 

K('l 

NaCl . . . . 
Na«SOi.. 
NahCO.,. 
NagCOg.. 


Total. 


Crust. 


Alkali  In 
soil. 


l*cr  ceiit. 

1.11 

.34 

19.18 

.08 

41. 46 

1.81 

.12 

.03 


64.13 


Composi- 
tion of 
alkali. 


Soil,  0-12  inches.   I  Subeoil,  36  incba 


Alkali  in 
soil. 


3. 76 

1.68 

.16 

2.87 

65.44 

.16 

.06 


64.13 


6.86 

2.62 

.23 

4.47 

86.49 

.26 

.09 


100.00 


3.30 
.20 
.10 
.63 

4.89 
.08 


9.09 


^f^-  Alkali  1»  "^ 


86.30 

3.25 

2.18 

.25 

1.12 

.08 

6.80 

.80 

53.70 

1.50 

.90 

.06 

100.00 

6.91 

a  The  Chegga  water  contains  over  374  grains  of  alkali  per  gallon;  whereas  40  grains  is  usnsljf^^ 
as  the  limit  lor  drinking  water,  and  anything  above  this  is  considered  doubtful  forirrigat^PfP^ 
poses,  unless  the  salt  in  .solution  is  gypsum.  Even  excluding  gypsum,  the  Chegga  water  sti^'^L 
tains  250  grains  to  the  gallon,  whereas  the  water  of  Lake  El.sinore,  which  so  disastrously  aff<^  ]i ,« 
oninge  groves  on  which  it  was  used  near  Riverside,  Cal.,  contained  only  84  to  116  grains  per  g**'*" 
(Bee  Report,  California  Agricultural  Experiment  Station,  1897-96,  pp.  99-113  and  12ft-130.) 
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he  amount  of  alkali  is  enormoufj,  the  largest  found  iu  a  date  plantation  in  the 
arsL,  and.  is  prohably  more  than  young  offshoots  just  rooting  can  stand,  as  is 
lenced  by  the  death  of  one  planted  not  long  before  the  sample  was  taken.  Older 
nas  can.  doubtless  endure  this  amount  of  alkali,  for  several  were  growing  near  by 
H>il  app^arently  identical  with  the  sample  analyzed.  It  should  be  noted  that  the 
k  of  the  alkali  (some  70  per  cent  of  all  the  alkali  present  and  2.85  per  cent  of 
{  total  -weight  of  the  soil),  is  sodium  sulphate  (Glauber's  salt),  and  only  23  per 
it  of  the  alkali,  or  0.82  i>er  cent  of  the  total  weight  of  the  soil,  is  composed  of 
LOTids,  ivhereas  at  Fougala,  Station  1,  where  the  alkali  was  also  almost  strong 
>u^h  to  prevent  the  growth  of  the  date  palm,  the  total  alkali  content  of  the  soil 
a  much  less,  being  some  2.46  per  cent  instead  of  3.53  per  cent,  but  consisted  of 
>8  x>er  cent  of  chlorids,  more  than  twice  as  much  as  at  Chegga.  The  chlorids 
3,  however,  without  doubt  more  injurious  than  sodium  sulphate,  and  both  of  these 
itions  are  to  be  considered  as  representing  very  nearly  the  limit  of  endurance  of 
e  date  palm — Fougala  for  chlorids;  Chegga  for  sulphates. 

The  surface  accumulation  of  sodium  sulphate,  as  suggested  by  Mr.  Seidell,  may 
ell  have  some  connection  wuth  the  composition  of  the  very  alkaline  waters  used  for 
ligation  in  which  the  sulphates  predominate  and  in  which  sodium  sulphate  is  pres- 
it  to  the  extent  of  121.5  parts  per  100,000,  constituting  18.98  per  cent  of  the  dissolved 
ilts  (see  p.  95). 

Station  No.  2,  at  Chegga  (PI.  XVI,  fig.  2),  is  very  unlike  the  first,  as  it  represents 
sclaimed  land  where  Saharan  alfalfa^  was  growing.  It  is  to  be  noted  that  deep 
irainage  ditches  ran  through  the  orchard  at  50  to  60  feet  intervals  and  provided  escape 
ar  the  superabundant  alkali,  and  that  this  sample  was  secured  near  one  of  these 
Litches  as  may  be  seen  in  Plate  XVI,  figure  2.     The  analysis  is  given  herewith. 

Tablb  21. — Per  cent  of  alkali  in  washedrout  surface  soil  of  daU  plantationj  station  No.  2, 

Chegga f  Algeria.^ 


Depth. 

Calcium 
sulphate. 

Magne- 
sium 
sulphate. 

Sodium 
sulphate. 

0.04 

Sodium 
chlorid. 

Potas- 
sium 
chlorid. 

Sodium 
bicar- 
bonate. 

ToUl. 

ftnrfaCO  foot    .  .  .  r  -  ,  r r 

0.02 

0.17 

0.05 

0.05 

0.06 

0.39 

1  Mr.  Seidell's  original  analysis  of  the  samples  from  this  station  is  as  follows: 


Alkali  in 
soil. 


Ca 

Mk 

«a 

K 

804 

CI 

HCOa 

Total 


Per  cent. 

l.(M 
.03 
.05 
.0^ 

2.G5 
.06 
.05 


3.91 


Composi- 
tion of 
alkali. 


Per  cent. 

26.57 

.87 

1.28 

.72 

67.81 

1.53 

1.22 


100.00 


CaSOi 

MKSO4 

KCl 

NaCl 

NogSOi 

NaHCOs... 

Total 


Alkali  in 
soil. 


Percent. 
3.54 
.17 
.a5 
.05 
.04 
.06 


Composi- 
tion of 
alkali. 


Per  cent. 
90.29 
4.29 
1.38 
1.33 
1.02 
1.69 


3.91 


100.00 


This  soil  shows  a  very  low  per  cent  of  alkali,  considering  that  the  date  plantation 
is  on  a  very  alkaline  area  and  that  the  water  used  for  irrigating  is  very  brackish. 
This  is  almost  the  same  amount  of  alkali  as  was  found  in  the  valley  of  the  Colorado 
River  near  Yuma,  where  alfalfa  grew  in  soil  containing  0.498  per  cent  of  alkali  in  the 
4  upper  feet  (Loughridge,  Bull.  133,  California  Agricultural  Experiment  Station,  p. 
27).  However,  at  Yuma  the  irrigation  water  was  of  good  quality,  containing  less  than 
0.1  per  cent  of  dissolved  salts,  whereas  at  Chegga  the  water  was  very  bad,  containing 
over  0.64  per  cent  of  alkali. 


a  See  footnote  a,  p.  23. 
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Station  No.  3,  at  Cfaegga,  represents  a  subeoil  thrown  up  in  digging  a  drunai^iia 
and  was  bo  chanced  with  alkali  as  to  have  become  nearly  solid.  The  soil  cuatts 
a  depth  of  4  to  6  feet,  and  contains  the  following  amoonts  of  alkali: 

Table  22. — Per  cent  of  alkali  in  gtUmnlofdate  plantation,  station  No.  S,  Cheg^u  AJIgs^ 


Depth. 


Subsoil  4  to  6  feet. 


Calcium 
sulphHte. 

0.02 

Magne- 

sinm 

milphatc. 

Sodium 
sulphate. 

Sodium 
chlorid. 

Potas- 

siain 

chlorid. 

0.33 

0.22 

1.16 

9.06 

Sodium 

bicar- 

bonatei 


T-3u: 


0.07 


L» 


1  Mr.  S^iideira  oriKinal  analysis  of  the  sample  from  this  station  is  aa  follows: 


Alkali  in 
soil. 


I  Per  cctU. 

Ca i  1.11 

Mg .06 

Na 1  .55 

K ,  .03 

S()4 1  3.07 

CI  '  .78 

HCO3 .06 

Tot*il 5.60 


Composi- 
tion of 
alkali. 


Percent 

19.77 

1.18 

9.74 

.61 

64.71 

13.06 

.93 


100.00 


CaS04.. 

NaCl... 
NatSO^. 
NakcC^ 

Total 


Alkali  in 

scul. 


Ptr  cenL 

S.76 

.S 

.06 

1.16 

♦■> 

!07 


if 


5.60 


LBf 


Though  less  alkaline  than  the  subsoil  of  sample  No.  1,  which  contained  2.76dp9 
cent,  thin  still  shows  a  very  high  salt  content. 

When  date  palms  were  first  planted  on  this  property,  many  of  the  oSshoots  ^« 
lost  through  excessive  alkalinity.  The  digging  of  drainage  ditches  has  rendeiodK 
possible  to  wash  out  much  of  the  alkali,  even  witli  the  very  bad  water  iiscii  ^ 
irrigation,  as  is  evidenced  by  the  fact  that  alfalfa  can  now  grow  on  some  of  the  boi 

ALKALI   CONDITIONS   IN   RELATION   TO   DATE^CULTCRK  AT  U'rAIER,  .VIXSKBIA. 

Going  southward  from  Chegga,  the  Little  Desert  of  Moran  is  traversed  uniil* 
somewhat  abrupt  descent  is  reached,  which  is  marked  by  a  series  of  low  cliffe  «I^ 
Kef  el  Dohr.  At  the  base  of  this  declivity  there  extends  an  almost  unbroken  ^^ 
which  slopes  gently  to  the  eastward  to  the  shores  of  the  salt  lagoon,  Chott  Melrirh,* 
rather  a  branch  of  it  called  Chott  Merouan  (see  map,  PI.  II,  p.  76).  This  aaltla^ 
is  often  dry,  but  always  contains  mud  covered  with  a  white  crust  of  salt  two-fist&f 
of  an  inch  or  more  thick.  In  proceeding  southward,  the  road  skirts  the  edge  of  4» 
lagoon,  and  during  the  heat  of  the  day  the  most  deceptive  mirages  are  seen  in  loflfc* 
ing  across  the  Chott  (PI.  XVIII,  fig.  2). 

This  region  is  remarkably  like  the  Salton  Basin  in  many  ways,  and  Chott  Meliici 
like  Salton  Lake,  is  l>el()w  sea  level, «  the  lowest  part,  or  the  western  border  of  Cta* 
Melrirh being  some  100  feet  (31  meters)  below  sea  level.  The  plain  to  the  west  is  fi< 
and  extremely  arid.  Occasional  small  sand  dunes  occur,  which  are  like  those  io  ^ 
Salton  Basin. 

The  oasis  of  Ourir,  seen  in  passing,  is  one  of  the  largest  created  by  the  French  su- 
tlers, containing  some  40,000  date  palms.  It  is  42  feet  (13  meters)  below  tbesi* 
level. 

A  stop  was  made  at  M'rai'er,  an  oasis  of  considerable  size  (some  60,000  date  pain^ 
owned  by  Arabs.  It  is  from  10  to  12  feet  below  sea  level.  In  the  village  of  M'raiff * 
a  very  saline  area,  where  the  scanty  Vegetation  is  composed  of  stunted  saltbushes,  suo- 
phires,  etc.  The  water  level  was  only  a  few  inches  below  the  surface.  A  stunted  ^ 
palm  grew  some  15  feet  away  from  the  spot  where  the  soil  sample  was  obtained,  W 


o  The  lowest  part  of  Salton  Lake  is  some  270  feet  below  sea  level. 
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IxG  side  of  a  dramage  ditch.  The  snrface  crust  obtained  here  shows  the  following 
Qx^oaition,  as  analyzed  by  Mr.  Seidell,  by  extracting  with  an  excess  of  water  20  times 
»  Tveight  of  the  sample: 

23, — Per  cent  of  alkali  soluble  in  excess  of  water y  in  surface  crust  from  MraieTy 

Algeria.^ 


Depth. 

Calcium 
sulphate. 

Ma^esi- 
um  sul- 
phate. 

Sodium 
sulphate. 

Sodium 
chlorld. 

Potaflsl- 
um  chlo- 
rld. 

0.96 

Sodium 
bicar- 
bonate. 

Total. 

rf ace  crust 

4.66 

12.31 

8.92 

29.18 

0.27 

66.32 

Mr.  Seidell's  original  analysis  of  the  sample  from  this  station  is  as  follows: 


I 

^ 

.CO» 

Total 


Alkali  in 
sample. 

Compo- 
sition of 
sample. 

Percent. 

Percent. 

1.37 

2.43 

2.48 

4.41 

14.46 

25.68 

.62 

.92 

19.14 

83.98 

18.16 

82.23 

.20 

.35 

56.32 

100.00 

CaS04 

Ifr-:::: 

NaCl 

NaHCOa-.. 
Na^04 

Total 


Alkali  in 
sample. 


Percent. 

4.66 

12.31 

29.18 

.27 

8.92 


Compo- 
sition of 
sample. 


Percent. 

8.27 

'21.86 

1.74 

51.82 

.48 

16.88 


100.00 


This  crust  is  remarkable  among  those  collected  in  the  Sahara  for  its  low  content  of 
alcium  sulphate  (8.277  per  cent  of  total  alkali)  and  the  high  content  of  magnesium 
iilphate  (21.86  per  cent  of  total  alkali).  The  extreme  sterility  of  the  sink  where  the 
ample  was  secured  may  bejdue  in  part  to  the  excess  of  magnesium  over  lime,  which 
las  been  shown  by  Loew^  to  be  very  injurious  to  most  plants.  This  was  the  only 
lample  obtained  in  the  Sahara,  where  magnesium  sulphate  was  in  excess  of  gypsUm. 
Ck>nimon  salt  makes  up  one-half  (52  per  cent)  of  the  crust. 

AliKALI  CONDITIONS  IN   RELATION  TO  DATE  CULTURE  AT  OURLANA,    ALGERIA. 

Going  southward  from  M'rai'er  one  soon  enters  the  Oued  Rirh  region  proper.  The 
Oued  Rirh  or  Rirh  River  is  a  chain  of  chotts  (salt  lagoons  or  dry  salt  beds)  occupy- 
ing a  partially  filled  up,  dry  valley,  which  runs  from  Tougourt  almost  due  north  to 
the  Chott  Melrirh,  with  a  gradual  fall  to  the  north,  amounting  to  some  270  feet  in  the 
70  miles  from  Bledet  Amar  &  to  Chott  Merouan  (see  map,  PI.  II,  p.  76) .  The  Oued 
Rirh  has  a  very  shallow  valley,  bordered  on  the  west  by  a  nearly  flat  plain  of  sandy 
loam  soil  (largely  planted  to  date  palms),  which  rises  gradually  toward  the  barren 
hills,  which  are  reached  at  a  distance  of  from  one-half  to  10  miles  from  the  valley. 
To  the  east  of  the  chain  of  Chotts  this  country  is  sandy,  and  dunes  occupy  most  of 
the  surface.    Small  dunes  sometimes  occur  on  the  west  side  of  the  valley. 

This  valley  is  some  200  feet  above  sea  level  at  Tougourt  and  is  slightly  below  sea 
level  where  it  enters  the  Chott  Merouan.  It  is  abundantly  supplied  with  flowing 
artesian  wells  and  is  one  of  the  most  celebrated  date  regions  in  the  world.  The 
famous  Deglet  Noor  date,  reported  in  Tunis  to  have  originated  in  the  oasis  of  Bledet 
Amar  near  Temacin  at  the  southern  end  of  the  Oued  Rirh,  is  largely  grown  here  and 
constitutes  almost  the  sole  export.  In  all  parts  of  the  Oued  Rirh  date  culture  is  the 
chief  industry,  and  in  many  oases  the  date  is  the  only  plant  grown,  as  the  very 

a  Loew,  O.  Relation  of  Lime  and  Magnesia  to  Plant  Growth,  Bui.  No.  1,  Bureau 
of  Plant  Industry,  U.  S.  Dept.  of  Agriculture,  and  also  Kearney  and  Cameron,  Report 
71,  U.  8.  Dept.  of  Agriculture. 

b  Marked  Bled  et  Ahmar  in  the  map,  Plate  II,  page  76. 
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alkaline  soil  and  the  high  salt  content  of  the  irrigation  water  preclude  other  pru^ibift 
cultures. 

The  artesian  water  at  Ourlana,  sua  elsewhere  in  the  Oued  Rirh,  is  confined  bel>w  » 
compact  stratum  of  pudding  stone  which  lies  some  175  to  250  feet  below  the  Fiirfae& 
Below  this  pudding  stone  is  a  layer  of  loose  quartz  sand,  more  or  les  mised  ^iib 
pebbles,  which  contains  an  abundant  sui)ply  of  water  under  sufficient  preseow  to 
give  a  ready  flow,  frequently  to  the  tops  of  the  lower  hillocks  in  the  plain. 

The  French  engineers  Jus  and  Holland,  who  have  studied  exhaastively  the  qw§- 
tion  of  the  origin  of  the  water  supply  of  the  Oued  Rirh,  agree  in  believing  thai  tkt 
original  source  is  in  the  Atlas  Mountains  to  the  north,  where  the  heavy  rainfall  la: 
snowfall  (nome  5 J  feet  annually)  is  absorbed  by  the  upturned  cretaceous  ^rataiad 
conducte<i  in  these  strata  to  the  soutli,  where  it  first  reappears  in  the  great  ^^^a^ 
of  the  Zab  region  along  the  northern  border  of  the  Sahara.  The  water  of  tbe* 
springs  and  of  many  others  which  are  believed  to  exist,  though  the  \rater  Derer 
reaches  the  surface,  soaks  into  the  pervious  strata  of  the  Saharan  formation  and  fiow 
southward  toward  the  Oued  Rirh  countr>%«  becoming  imprisoned  beneath  an  impe?- 
vious  pudding-stone  layer,  except  where  natural  openings  exist  and  allow  the  wikr 
to  reach  the  surface  ^  or  where  artesian  wells  have  been  put  down. 

On  the  1st  of  October,  1885,  Oued  Rirh  contained  114  flowing  wells  put  down  br 
the  French  and  tulx*d  with  iron,  492  flowing  wells  constructed  by  the  natives,  aal  — 
natural  springs,  which  were  used  for  irrigating.  The  total  supply  of  water  fumisM 
by  these  wells  and  springs  was  25^3,698  liters  per  minute,  or  4  cubic  meters  (o«i 
1,050  gallons)  per  second,  having  an  average  temperature  of  25.1®  C.  The  largest 
flowing  well  is  No.  4,  at  Sidi  Amran,  which  was  put  down  in  1884.  It  flows  6,0® 
liters  per  minute. 

The  beneficial  effect  of  French  occupation  has  been  very  marked  in  the  Oori 
Rirh,  where  in  1856  there  were  33  oases,  all  in  a  state  of  decay.  They  were  nourisbed 
by  58,000  liters  of  water  per  minute  and  contained  only»136,000  date  palms,  fortbr 
most  part  old  and  yielding  but  little  fruit.  Thirty  years  later,  thanks  to  the  artesiaa 
wells  put  down  by  the  French,  the  total  yield  of  water  had  been  raised  to  more  thai 
253,000  liters  per  minute;  all  the  old  oases  had  l>een  put  in  a  flourishing  conditiia 
and  new  ones  had  been  created,  so  that  in  1885  there  were  43  oases  containing 
509,375  date  palms  in  full  bearing,  and  about  138,000  young  palms  from  1  to  7  ye«R 
old.  The  native  population  had  more  than  doubled  during  this  time  and  the  vali^ 
of  the  oases  had  increased  more  than  fivefold. 

The  oasis  of  Ourlana,  of  which  a  special  study  was  made,  is  located  nearly  100 
miles  south  of  Biskra,  at  an  altitude  of  113  feet  above  sea  level,  and  is  in  the  most 
fertile  part  of  the  Oued  Rirh.  Within  a  radius  of  10  miles  of  Ourlana  there  are  nc 
fewer  than  15  oases  irrigated  from  32  artesian  wells  (30  of  which  are  modem  tubed 
wells  of  French  construction)  and  from  16  springs — **  behour."  These  15  oa^es  cob- 
tained  in  1882  over  182,000  date  palms,  and  nearly  half  of  these  oases  have  hees. 
much  enlarged  since  then,  so  that  they  now,  doubtless,  contain  over  200,000  dale 
palms. 

«  The  water  of  these  springs  of  the  western  Zab  contains  on  the  average  0.203  per 
cent  of  dissolved  salts.  Those  springs  which  reach  the  surface  indirectly  after  filter 
ing  a  distance  through  the  superficial  strata  yield  water  showing  a  larger  per  cent  of 
alkali — ^about  0.268  per  cent  on  the  average — and  by  the  time  the  w^ater  has  soaked  its 
way  through  the  Saharan  strata  and  flowed  to  the  Oued  Rirh  country,  the  alkali  cco- 
tent  has  risen  to  an  average  of  0.487  per  cent. 

6  Forming  the  springs  and  small  lagoons  called  "behour"  and  "chria"  by  the 
Arabe. 
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Clio  well— Puita  Desveaux — from  which  the  plantation  was  irrigated,  yields  an 
nndant  supply  of  very  alkaline  water.    Mr.  SeideU's  analysis  is  as  follows: 

24. — ComposUwn  of  artesian  water  ( JPuite  Desveaux)  used  to  irrigaie  dale  planiaiion 

ai  Ourlanaf  Algeria.  ^ 


impoeition  in  grams 
per  100  cc.  (percent- 
age by  weignt) 

srcentagre  of  total 
salt  content 


Calcium 


Magne- 
sium 


sulphate,  j^^jpi^^^, 


0.0645 
10. 13 


Magne- 
sium 
chlorid. 


0.0690 
10.86 


Sodium 
chlorid. 


0.2478 
38.98 


I'otas- 

sium 

chlorid. 


0.0143 
2.25 


Sodium 
carbon- 
ate. 


Sodium 
bicarbon- 
ate. 


0.0030 
.47 


0.0040 
.64 


Total. 


0.6353 
100.00 


^  'Mr.  Seidell's  original  analysis  of  the  artesian  water  of  Ourlana  is  aa  follows: 


Ta 

C 

5O4 

308 

3COs 

21 

Total 


Alkali 
per  100  cc. 


Composi- 
tion of 
alkali. 


Gram. 
0.0685 
.0305 
.1001 
.0075 
.2155 
.0017 
.0030 
.2085 


Per  rent. 

10, 7H 

4.80 

15.75 

1.18 

33.91 

.27 

.47 

32.83 


,6353 


100.00 


CaS04 

MgS04.... 

MgClj 

KCl 

NaCl 

Na^COa.... 
NatlCOa  .- 

0 

Total 


Alkali 
per  100 cc. 


Gram. 
0.2327 
.0645 
.0690 
.0143 
.2478 
.0080 
.0040 


,6353 


Composi- 
tion of 
alkali. 


Per  cent. 

36.70 

10.13 

10.85 

2.25 

88.96 

.47 

.64 


100.00 


In  contrast  to  the  water  of  Chegga  (see  p.  85),  having  almost  the  same  amount  of 
dissolved  salts,  in  which  the  sulphates  predominated,  the  chlorides  are  here  in  excess, 
constituting  52  per  cent  of  the  total  dissolved  salts,  while  the  sulphates  make  up 
46.83  per  cent.  The  average  of  26  analyses  of  the  water  from  flowing  artesian 
wells  in  the  Oued  Rirh  is  given  by  Holland «  as  follows: 

Table  25. — Average  composUion  (in  percentage  by  weight)  qf  S6  samples  of  artesian  waJter 

from  the  Oued  Rirh,  Algeria, 

Sulphates 0.25436 

Chlorids 21279 

Carbonates 01257 

Nitrates  and  dissolved  organic  matter 00411 

Silicates  and  suspended  matter 00310 

Total 48693 

It  will  be  noticed  that  the  sulphates  preponderate  over  the  chlorids  in  this  table, 
though  not  so  much  as  in  the  Chegga  water. 

Station  No.  1  at  Ourlana  was  near  the  bordj  and  not  far  from  the  well.  Young 
and  old  date  palms  were  growing  near  by  in  good  condition.  There  was  an  open 
drainage  ditch  near  by,  but  this  did  not  prevent  the  formation  of  a  surface  crust  of 
alkali.  At  36  inches  below  the  surface  water  was  foimd,  and  below  that  level  the 
sand  was  very  wet,  resembling  quicksand. 

«  RoUand,  Ilydrologie  du  Sahara,  p.  260. 
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The  surface  crust  showed  the  following  composition: 

Table  26. — Per  cent  of  alkali  soluble  in  excess  of  water  in  surface  crtuf,  from  Station  So.  L 

Ourkma,  Algeria^ 

Calcium  sulphate -.    3.21 

Magnesium  sulphate 3. 67 

Magnesium  chlorid 71 

Sodium  chlorid 7. 52 

Potassium  chlorid 29 

Sodium  bicarbonate 12 

Total -.  14.S? 

The  soil  to  a  depth  of  4  feet  showed  the  following  amounts  of  alkali: 
Table  27. — Per  cent  of  alkali  in  soil  of  date  orchard,  Station  No.  1,  at  Ourlana^  AlgeriiL} 


Depth. 

Calcium 
Hulphate. 

0.05 
.05 
.05 
.05 

Magnesi- 
um sul- 
phate. 

Sodium 
chlorid. 

Potassi- 
um chlo- 
rid. 

Macnesi- 

nm  Dicar- 

bonate. 

Sodium 
bicar- 
bonate. 

ToteL 

SoT&ce  foot 

0.16 
.11 
.09 
.10 

0.28 
.16 
.12 
.13 

O.OS 
.01 
.03 
.02 

0.08 
.04 
.08 
.02 

0.08 

as 

Ruhfloll  12  to  24  Inches 

.S7 

.a 

.85 

fluhfloil  24  to  86  inches  

SubfloU,  36  to  48  inches 

.08 

Boil.  1  to  4  feet 

.165 

.18 

.045                               S 

iMr.  Seidell's  original  analyses  of  the  samples  from  this  station  are  as  follows: 

Crust. 

Soil  (0-12 
inches). 

Subsoil  (12-24 
inches). 

Subsoil  (24^86 
inches). 

Sabooil  (36-48 
inches). 

Alkali 
in  soil. 

Compo- 
Hition 

of 
alkali. 

Alkali 
in  soil. 

Compo- 
sition 

of 
alkaU. 

Alkali 
in  soil. 

Compo- 
sition 

of 
alkaU. 

Alkali 
in  soil. 

PercL 
0.24 
.02 
.05 
.01 
.65 
.06 
.03 

Compo- 
sition 

of 
alkali. 

Alka.li 
InsoiL 

Compo- 
dUoQ 

of 
alkali 

Ca 

Perd. 
0.95 

.72 
2.99 

.15 
4.40 
5.2:) 

.08 

Perct. 

6.51 

4.96 

20.62 

1.04 

30.30 

85.99 

.58 

ftret. 

0.75 
.04 
.10 
.01 

1.95 
.15 
.04 

Perct. 

24.80 

*1.18 

8.22 

.58 

63.88 
5.06 
1.38 

Pcrti. 
0.80 
.03 
.06 
.01 
.80 
.10 
.08 

Per  d. 

22.43 

2.12 

4.54 

.45 

60.82 

7.87 

2.27 

PercL 
22.16 
2.20 
4.21 
1.28 
50.71 
7.69 
2.75 

Perct. 

0.26 

.02 

PtrcL 

n,«7 

Mr 

2.01 

Na 

.06  '        5ul0 

K 

.01  '      1.0s 

8O4 

.69  ;      bkM 

CI. 

.09          7.1B 

HCOs 

.04       z.m 

Total 

14.52 

100.00 

3.04 

100.00 

1.82 

100.00 

1.09 

100.00 

1.17  1    100.00 

CaSO* 

3.21 

2.67 

.29 

7.52 

.12 

.71 

22. 13 
18.89 

1.99 

51.78 

.80 

4.91 

2.56 
.16 
.03 
.23 
.03 

84.28 
5.40 

.99 
7.57 

.99 

1.00 
.11 
.01 
,16 

75.95 

8.32 

.90 

12.11 

.82       75.27 

.87 
.10 
.02 
.13 
.08 

73.0s 

MrSOi 

.09 
.03 
.12 

8.24 

2.88 

10.81 

&S 

Kci;..:..-. .:.:.... 

Lie 

NaCl 

11.40 

NaHCO, 

2. 38 

MirCU 

' 

MrHCOs 

.03 

.77 

.04 

2.72 

.08  •      3.30 

.02 

2.01 

100.00 

Total 

14.52 

3.04 

100.00 

1.32 

100.00 

1.09 

100.00 

1.17  i    lOOLOO 

^-  - 

The  fourth  foot  from  the  surface,  where  the  subsoil  was  full  of  water,  shows  a 
larger  amount  of  alkali  than  does  the  third  foot.  This  amount  of  alkali  was  evi- 
dently without  effect  on  the  date  palm. 

Station  No.  2  at  Ourlana  (PI.  XVII,  fig.  1)  was  of  much  interest,  because  located 
between  old  and  flourishing  date  palms  which  had  been  planted  ten  yeare  or  more. 
Notwithstanding  the  existence  of  a  drainage  ditch  only  a  few  feet  away  and  of  the 
fact  that  the  irrigation  water  had  been  applied  to  the  whole  surface  of  the  soil  by 
flooding,  the  surface  still  showed  a  considerable  crust  of  alkali.  Water  was 
encountered  at  a  depth  of  80  inches,  which  was  below  the  level  of  the  shallow 
drainage  ditch. 
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The  sarface  crust  showed  the  following  composition: 

rA3L.]B  28. — Per  cent  of  alkali  soluble  in  excess  of  water  in  surfa^  crust.  Station  No,  iS, 

Ourlana,  Algeria.^ 

ZSalcium  sulphate 4. 88 

klagnesium  sulphate 2. 57 

Bdagnesium  chlorid 60 

Sodium  chlorid 10. 16 

Potaaeium  chlorid 11 

Sodium  bicarbonate 12 


Total 18.43 

The  following  table  shows  the  amount  of  alkali  in  the  soil: 
TABL.B  29. — Per  cent  of  alkali  in  soil  of  date  plantation,  Station  No.  g,  Ourlana,  Algeria,  ^ 


Depth. 

Calcium 
sulphate. 

Magne- 
sium 
sulphate. 

Magne- 
sium 
chlorid. 

Sodium 
chlorid. 

0.90 
•  .17 

Potas- 
sium 
chlorid. 

Sodium 
bicarbon- 
ate. 

Total. 

Surface,  foot 

0.05 
.05 

0.15 
.15 

0.27 

0.05 
.03 

0.07 
.08 

1.49 

&ul>aoil.  30  to  34  inches ........ 

.48 

Soil,  1  to  4  feet  (estimated ) . 

(.20) 

(.446) 

(.(W7) 

(.72) 

1  Mr.  Seideirs  original  analyses  of  the  samples  from  this  station  are  as  follows: 


Crust. 

Soil  (0-12  inches). 

Subsoil  (80-34 
inches). 

• 

Alkali 
in  soil. 

Compo- 
sition of 
alkali. 

Alkali 
in  soil. 

Compo- 
sition of 
alkali. 

Alkali 
in  soil. 

Compo- 
sition of 
alkali. 

Oa. ^ 

Percent. 
1.44 

.67 
4.03 

.06 
5.49 
6.65 

.09 

Per  cent. 

7.79 

3  65 

21.88 

.31 

29.80 

36.08 

.49 

Percent. 

1.24 
.10 
.37 
.03 

8.09 
.77 
.05 

Percent. 

21.91 

1.77 

6.61 

.60 

64.63 

13.64 

.95 

Per  cent. 

1.02 
.03 
.09 
.02 

2,67 
.12 
.06 

Percent. 
26.15 

Ug 

.76 

Ni : :..;::.:..::: 

2.80 

K 

.46 

6O4 

65.77 

VVf  ....................................... 

CI 

3.02 

HCO, 

1.64 

Total 

18.43 

100.00 

5.65 

100.00 

8.91 

100.00 

C^iS04 

4.88 

2.57 

.60 

.11 

10.15 

.12 

26.47 

13.94 

3.27 

.60 
56.06 

.67 

4.21 
.15 
.27 
.05 
.90 
.07 

74.41 

2.65 

4.84 

.92 

15.87 
1.31 

3.48 
.16 

88.89 

MgS04 

8.79 

MgCl. 

KCi.. :...: ::::::: 

.03 

.17 

08 

.82 

NaCl 

4.40 

NaHCOs 

2.10 

Total 

18.43 

100.00 

5.65 

100.00 

3.91 

100.00 

The  date  palms  were  growing  luxuriantly  and  fruiting  abundantly  here,  entirely 
unaffected  by  the  alkali,  though  they  must  withstand  nearly  one-half  per  cent  of 
chlorids.  It  is  interesting  to  note  that  over  60  per  cent  of  the  land  surveyed  by  the 
Bureau  of  Soils  in  the  Salton  Basin  has  less  alkali  than  was  contained  in  this  soil. 

Station  No.  3  at  Ourlana  was  situated  about  half  a  mile  from  the  bordj,  in  a  low 
and  badly  draine<l  part  of  the  orchard,  where  the  palms  did  not  look  so  vigorous  and 
healthy  as  they  did  elsewhere.  Below  26  inches*  depth  the  sand  was  full  of  water 
and  perfectly  fluid,  like  quicksand. 
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The  surface  crust  showed  the  following  composition: 

Tablb  30. — Per  cent  of  alkali  soluble  in  excess  of  water  in  surface  cruet,  Station  No.  J, 

Ourlana,  Algena.^ 

Calcium  sulphate 3.2S 

Magnesium  sulphate tt^ 

Magnesium  chlorid -iS 

Sodium  chlorid l.S 

Potassium  chlorid (K 

Sodium  bicarbonate 12 

Total 5.1^ 

The  following  table  shows  the  amount  of  alkali  in  the  soil: 

Tablb  31. — Per  cent  of  alkaii  in  soil,  Station  No,  S,  Ourlana,  Alfferia.^ 


Depth. 

Calcium 
sulphate. 

Magne- 
sium 
sulphate. 

Magno- 

fdum 

chlorid. 

Sodium 
chlorid. 

Potas- 
sium 
chlorid. 

Sodium 
bicarbon- 
ate. 

Total 

Surface,  foot - 

0.05 

•    .05 

.05 

0.08 
.09 
.07 

0.04 
.04 
.11 

0.02 
.04 
.01 

0.06 
.07 
.07 

V. 

Subeoil.  12  to  26  Inches 

.J 

Subsoil,  26  to  80  inches 

0.04 

.3 

Soil.  1  to4  foot  (estimated) 

(.07) 

(.19) 

.07 

.9 

1  Mr.  Seidell's  original  analyses  of  the  samples  from  this  station  are  as  follows: 


Crust. 

Soil  (0  to  12  inches). 

Subsoil  (12  to  36 
inches). 

Quicksand  (SID 
30  Inches). 

Alkali  in 
soil. 

Comporf- 
tion  of 
alkali. 

Alkali  in 
soil. 

Composi- 
tion of 
alkali. 

27.85 

.67 

1.15 

.86 

65.67 

2.98 

1.82 

Alkali  in 
soil. 

Composi- 
tion of 
alkali. 

Alkali  in 
soil. 

Compo^ 

tiODOf 

alkali 

Ca 

Per  cent. 

0.95 

.18 

.50 

.04 

2.31 

1.13 

.08 

18.49 

2.57 

9.81 

.70 

44.88 

21.92 

1.63 

Percent. 
0.90 
.02 
.01 
.01 
Z.15 
.10 
.06 

Percent. 

1.05 
.02 
.01 
.02 

2.52 
.11 
.05 

27.64 

.57 

.94 

.68 

66.03 

2.88 

1.41 

Percent. 

1.02 
.03 
.06 
.02 

2.48 
.14 
.05 

26.i 

Mg 

.1 

Na 

LI 

K 

.1 

SO. 

65.1 

CI 

U 

KCOs 

u 

Total 

5.14 

100.00 

'     8.28 

100.00 

8.82 

100.00 

8.80 

lOOill 

— - 

CaS04 

3.23  1        fi*  HJ 

3.05 

93.01 

3.58 

93.56 

8,47 
.04 
.07 
.04 
.11 
.07 

9l.t 

MgSO* 

.03 
.49 
.07 
1.20 
.12 

.66 

9.61 

1.32 

23.32 

2.25 

U 

MgCU 

.09 
.02 
.01 
.08 

2.61 

.67 

1.21 

2.50 

.09 
.04 
.04 
.07 

2.25 
1.15 
1.10 
l.W 

l.«i 

KCl 

1.1 

NaCl 

t« 

NaHCO^, 

I* 

^. 

Total 

5.14 

100.00 

3.28 

100.00 

3.82 

100.00 

8.80 

loai 

^ 

This  soil  is  unique  among  those  analyzed  in  show^ing  a  slight  but  evident  incretf 
in  the  alkali  content,  e8|)ecially  of  the  harmful  chlorids,  as  the  depth  increases  «* 
a  predominance  of  magnesium  chlorid  over  the  other  chlorids  in  the  upper  lay* 
of  the  soil. 

Mr.  Seidell  called  the  writer's  attention  to  the  influence  of  the  composition  of  th 
irrigating  water  on  the  nature  of  the  alkali. 

The  rather  unusual  occurrence  of  chlorids  of  the  alkaline  earths  in  the  waW 
which  contains  magnesium  chloride  to  the  amount  of  0.069  per  cent  is  paralleled  by 
the  occurrence  of  the  same  salts  in  large  amounts  in  all  the  surface  crusts  frorn'Oor 
lana.  There  can  be  no  doubt  that  the  composition  of  the  alkali  as  it  now  exists  in 
the  soil  of  the  date  orchards  of  Ourlana  is  profoundly  influenced  by  the  alkali  leftiB 
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soil  by  the  evaporation  of  the  water  um^d  for  irrigation.  Three  acre-feet  of  such 
er,  the  least  amount  needed  per  annum,  would  carry  on  to  the  land  no  less  than 
KK)  pounds  of  dissolved  salts,  and,  subtracting  ttie  excels  of  gypsum,  some  40,000 
jids  of  harmful  alkali,  or  0.1  per  cent  of  the  surface  foot  of  soil  and  0.025  per  cent 
ihe  4  upper  feet  of  soil.  Of  course,  some  of  the  water  drains  off  directly,  and 
n  leaches  alkali  out  of  the  soil,  but  much  remains  in  the  soil,  and  on  evaporating 
7e8  the  alkali  behind. 

Jter  a  number  of  years*  irrigation  with  strongly  alkaline  water  such  as  that  of 
rlana  a  condition  of  approximate  equilibrium  is  reached  l)etween  the  amount  of 
ali  carried  to  the  land  and  the  amount  leached  out  by  the  drainage  water.  The 
aposition  of  the  alkali  in  a  soil  in  such  a  condition  doubtless  depends  much  more 
the  composition  of  the  irrigation  water  than  on  the  character  of  the  alkali  orig- 
lly  present  in  the  soil  before  irrigation  was  practiced.  The  influence  of  the  com- 
lition  of  the  irrigation  water  on  the  nature  of  the  alkali  is  naturally  most  clearly 
rked  on  lands  that  are  well  leached  out  by  means  of  irrigation  for  a  long  period  of 
le  with  an  abundance  of  water,  accompanied  with  thorough  drainage. 
A.  comparison  of  the  composition  of  the  alkali  at  two  such  stations,  one  at  Chegga 
i  one  at  Ourlana,  is  of  interest,  because  the  artesian  waters  used  for  irrigation  at 
ise  two  localities  contain  almost  identical  amounts  of  dissolved  salts,  though  of 
ry  different  composition.  The  following  tabulation  shows  the  projwrtions  of  the 
incipal  salts  in  the  water  and  in  the  surface  soil: 

iBLB  32. — Proportions  of  svlphates  and  chlorids  present  in  alkali  of  irrigation  water  and 
in  well-drained  long-imgat^d  surface  soils  at  Chegga  and  Ourlana^  Algeria, 


Station. 


tegga.  artesian  water  (well  by  (late  plantation) 

leffga,  surface  soil  (Station  No.  2) 

irlana,  artesian  water  ( Puit«  Desveaux) 

irlana,  surface  soil  (Station  No.  1 ) 


SulphateH 

in  alkali 

(parts  per 

lOO  of  total 

alkali). 


wv»  so 

&8.07 

46.83 
39. 62 


Chlorids 

in  alkali 

(parts  per 

100  of  total 

alkali). 


32.53 

25.64 

52.08 

49.06 


Total 
amount  of 

alkali 
(in  percent- 
age of 
weight  of 
water  or 
soil). 


0.6401 
.39 
.6353 
.53 


It  is  clear  from  this  table  that  sulphates  preiwnderatc  at  Cliegga,  l)oth  in  the  irri- 
ttion  water  and  in  tlie  alkali  of  well-drained  surface  soil  after  irrigation  for  a  term 
[  years,  while  at  Ourlana  the  preponderance  of  chlorids,  though  not  so  great  as 
lat  of  the  sulphates  at  Chegga,  is  nevertheless  plainly  marked.  In  both  surface 
nls  the  approximation  in  composition  of  the  alkali  of  the  surface  soil  to  that  in  the 
rigation  water  is  evident,  and  is  rendered  still  more  <!lear  by  a  study  of  the  bases, 
[agnesium,  for  example,  is  decidedly  mor^*  abundant  in  the  artesian  water  at  Our- 
ina  than  at  Chegga,  and  in  consequence  the  surface  soils  at  Ourlana  likewise  show 
lore  magnesium  than  those  of  Chegga. 

All  three  Ourlana  stations  show  amounts  of  alkali  large  enough  to  l)e  dangerous  to 
rdinary  crops,  and,  in  fact,  in  this  oasis  no  other  cultures  were  observed  such  as  were 
)llowed  at  the  other  oases  studied,  and  all  three  stations  show  a  pronounced  surface 
nist  in  spite  of  long-continued  irrigation,  accompanied  with  drainage  by  open 
itches.  The  sandy  nature  of  these  soils  and  their  consequent  low  water  content 
Wise  the  concentration  of  the  soil  water  to  be  much  higher  in  proportion  to  the  per- 
Bntage  of  alkali  present  than  in  heavier  soils  having  a  greater  water  content,  such 
B  those  of  Biskra,  for  example  (see  p.  77).  There  is  then  every  evidence  that  the 
*te  palm  is  unharmed  by  these  quantities  of  alkali,  even  when  irrigated  by  water 
^  very  bad  quality,  full  of  harmful  chlorids. 
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In  Table  33  are  given  the  reBolts  ol  the  analyses  of  the  soils  from  the  ten  Safafl^ 
stations  where  samples  were  obtained.  The  alkali  content  of  the  soil  is  ezpiesid 
in  peroentages  of  the  total  weight  of  the  soil,  as  in  the  preceding  pages.  All  erf 
mated  quantities  are  inclosed  in  parentheses. 


Table  33. — PeroanUige  of  alkaii  in  Saharan  9oiU  where  daU  ndiure  iv 

arieMan  traUr  wvd  to  irrigaU  daU  planiationt. 


po«aibU  atii 


Station  and  depth. 


BI8KKA,  flTATlON  NO.  1. 


Sarface  foot 

8ub0oil  (12-14  inches) 


rOUOALA,  8TATIOW  NO.  1. 


Surface  crust 

Surface  soil  (1-12  inches) 
Subfwil  (12-90  inches) . . . . 
Subsoil  (30-48  inches).... 
Soil  (1-4  feet) 


FOUOALA,  STATION  NO.  2. 


Surface  foot 

Subsoil  ( 12-30  inches) . . . 
Subsoil  (30-18  inches) . . . 
Hardpan  (48-50  inches), 
Sou  (1-4  feet) 


FOUGALA,  STATION   NO.  3. 


Surface  foot 

Subsoil  (12-26  inches) . . . 
Hardpan  (26-28 inches). 
Soil  (1-4  feet) , 


CHBGOA,  STATION  NO.  1. 


Surface  foot 

Subsoil  at  3  feet. 
Soil  (1-4  feet)... 


CHEGOA,  STATION  NO.  2. 

Surface  foot-. 

CHBOOA,  STATION  NO.  3. 

Subsoil  (4-«  feet) 

OURLANA,  STATION  NO.  1. 


Surface  foot 

Subsoil  (12-24  inches). 
Subsoil  (24-36  inches). 
Subsoil  (36^8  inches). 
Soil  (1-4  feet) 


OURLANA,  STATION  NO.  2. 


Surface  foot 

Subsoil  (30-34  inches) 
Soil  (1-4  feet) 


OURLANA,  STATION  NO.  3. 


Surface  foot 

Subsoil  (12-26 inches). 
Hul)soil  (26-30  inches) 
Soil  (1-4  feet) , 


Sul-      Chlo- 
phates.|   rids. 


0.05 
.06 


1.92 

.76 
.28 
22) 

(.38) 


0.06 
.06 


9.72 
4.06 
1.46 


(■22)     n.ioj 
(.38)      (1.98) 


.34 
.20 
.12 
.09 
.21 


.09 

.17 

.09 

(.12) 


5.11 

1.77 

(2.61) 


.23 


.57 


.21 
.16 
.14 
.15 
.165 


.20 

.20 

(.20) 


.05 

.05 

.09 

(.07) 


1.56 
.23 
.17 
.01 
.54 


.08 
.11 
.07 

(.08) 


.63 

(.82) 


.10 


1.22 


.26 
.17 
.15 
.15 
.18 


1.22 
.20 
(.445) 


.14 

.17 

.22 

(.19) 


Bicar- 

bon- 

ates. 


0.05 
.06 


.12 

.06 

.10 

(.06) 

.06) 


( 


.06 
,06 
.09 
.08 
,064 


.09 

.10 

.06 

(.09) 


.08 

.06 

(.07) 


,06 


,07 


.06 
.04 
.08 
.05 
.045 


.07 

.08 

(.077) 


.08 

.07 

.07 

(.07) 


Car- 
bon- 
ates. 


i^RTESIAN  WATER. 


Total 
alkali. 


0.18 
.19 


U.76 
4.92 

1.82 
(1.40) 
(2.44) 


1.96 
.51 
.88 
.81 
.83 


.28 
.88 
.24 

(.29) 


5.82 

2.71 

(3.60) 


Jin  an  old 

i    date  plantation 


Undisturt>ed  desert  sell  rf 
jolninff  yvfong 
plantation. 


Tooiur  date  piai 
good  oondittooL 


1.86 


,53 
,87 
,82 
,85 
,392 


1.49 

.48 
(.72) 


.27 
.29 
.88 

(.83) 


Old  flonrishing:  date 
tlon;  soil  washed  oat  t« 
oontinued  Irrigstlcm. 


(Date  palms  barelj  able  it 
grow. 


Washed.ont     saiiMe 
Saharan  alf^fai 


Formed  a  solid  citist  oo  a- 
posuretoair. 


Floorishin^date  plantatka 


(Flourishing  old  date  pluti- 
tion. 


(Dates  leas  Tlgorous  tlian  it 
Ourlana  stations  N'oew  1 
and  2. 


CHBOGA. 

Well  at  date  plantation 

0.4243 

0.2082 

0.0046 

0.0080 

0.6401 

OURLANA. 

Puits  Desveaux 

.2972 

.3311 

.0040 

.0080 

.6868 
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analyses  of  soil  from  the  vicinity  of  Ourlana  are  reported  by  Rolland.«  These 
^.lyses  were  not  complete,  for  all  the  more  soluble  constituents  are  lumped  as  salt, 
licti  is  here  synonymous  with  alkali.  The  vegetable  soil  of  a  new  garden  (see  analy- 
N"o.  23,  in  Table  34)  at  Tala  em  Moui'di,  very  near  Ourlana  (Saharan  formation) , 
o"^wed  6.8  per  cent  of  alkali.  Another  soil  (No.  24,  Table  34)  was  from  Mazer, 
out;  a  mile  northeast  of  Ourlana.  Here  the  sample  was  of  washed  soil  of  a  salt  flat 
.t»  yet  under  culture;  it  contained  3.4  per  cent  of  alkali.  The  tome  work  reports  7 
r  cent  of  alkali  in  the  vegetable  soil  (No.  21,  Table  34)  of  a  garden  at  Tougourt,  20 
ilea  south  of  Ourlana,  and  at  Coudiat  el  Koda,  very  near  Tougourt,  no  less  than 
-5  per  cent  of  the  estimated  weight  of  the  soil  (No.  19,  Table  34)  of  an  alkali  flat 
3LS  cx>mpo6ed  of  alkali  (see  analysis  No.  19).  The  same  soil  (No.  20,  Table  34) 
aslied  for  two  years  and  put  under  culture  contained  only  0.6  per  cent  of  alkali. 

%.Br.E  34. — Composition  {in  percentage  by  freight)  of  Saharan  soilSy  collected  by  RoUand,^ 


tVLIXk- 

Silica 

Per- 

Car- 

tJ?nItP  Calci- 

Water 

■ 

>er  of 
naly- 

Nature  of  mmplc. 

or 
quartz 

Clay. 

oxid 
of 

bonate 
of 

oonaie 

of 
mag- 
nesia. 

um 
sul- 

Salt.s 

and 
organic 

Total. 

■is. 

sand. 

iron. 

lime. 

phate. 

matter. 

14 

Vegetable  soil  of  a  garden 

at  El  Oolea  (quaternary) . . 

39.0 

6.0 

3.0 

43.0 

7.0 

0.5 

0.6 

0.8 

99.4 

19 

Soil  of  Sebkha  (alkaline  flat) 
at  Coudiat  el  Koda,  near 

Tougourt  '.quaternary) ... 

50.0 

5.0 

1.0 

5.0 

2.0 

5.0 

29.5 

2.0 

99.5 

20 

Same  soil  as  No.  19  waf^hed 
for  2  years  and  put  under 

culture 

70.0 

9.0 

1.3 

7.0 

1.0 

5.0 

0.5 

6.0 

99.8 

21 

Vegetable  soil  of  a  garden  at 

Tougourt  (quaternary) 

Vegetable  hoII  of  a  new  gar- 
den at  Tala  em  Mould! 

48.0 

6.0 

2.0 

9.0 

0.7 

22.0 

7.0 

6.0 

99.7 

23 

(Saharan  formation) 

11.8 

55.5 

1.3 

8.0 

1.2 

8.0 

6.8 

7.0 

99.6 

24 

Washed  soil  of  Sebkha  (salt 
flat)  not  yet  under  culture 

at  Mazer  (modern) 

80.0 

26.0 

0.3 

20.0 

15.0 

8.4 

5.0 

99.7 

16 

Soluble  portion  (84.91  per 
cent)  of  Saline  incrusta- 

tion of  Sebkha  at  £1  Golea 

1 

(modem) 

.56 

2.95 

95.16 

1.59     100.2ft 

1  Holland,  66ologie  du  Sahara,  analyses  by  £cole  des  Mines,  Paris. 

s  All  the  readily  soluble  salts  occurring  in  these  samples  are  lumped  as  salt,  which  is  here  equivalent 
to  alkali. 

None  of  the  soils  analyzed  for  Rolland  was  selected  with  any  reference  to  date  cul- 
ture, and  it  is  only  from  the  samples  secured  by  the  writer  and  analyzed  by  the 
Bureau  of  Soils,  which  have  been  described  above,  that  any  adequate  idea  can  be 
formed  of  the  ability  of  the  date  palms  to  resist  alkali.  This  power  to  withstand 
alkali  is  one  of  the  most  striking  among  the  life-history  factors  of  this  tree,  since,  in 
this  respect,  it  exceeds  all  other  cultivated  plants  except  possibly  the  cocoanut  palm, 
which  latter  is  not  killed  by  sea  water  containing  3.4  per  cent  of  salts  in  solution.^ 

Mr.  0.  F.  Cook  informs  the  writer  that  on  Cape  Mesurado,  in  Liberia,  a  Phoenix, 
perhaps  P.  redinata,  grows  on  the  sea  beach  nearer  to  the  surf  than  any  other  upright 
vegetation,  among  the  stunted  shrubs  killed  back  by  the  salt  spray.  The  fruit  of 
this  palm,  though  of  inferior  quality,  is  eaten  by  the  natives.     Hybrids  should  be 

«  Holland,  Georges.    G(^ologie  du  Sahara. 

&  Ehrenberg  and  Hempricht  report  that  on  the  island  of  Farsan,  in  the  Red  Sea, 
date  palms  grow  directly  out  of  the  crevices  in  the  coral  rock,  of  which  the  whole 
island  is  composed,  and  although  said  to  be  irrigated  from  springs  it  may  be  found 
that  the  trees  are  subject  to  occasional  inundation  by  sea  water. 

13529— No.  53—04 7 
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made  between  this  and  the  common  date  palm,  in  the  hope  of  securing  alkali-] 
date  palms  able  to  mature  fruit  near  the  sea  in  California. 

Through  the  courtesy  of  Mr.  Thomas  H.  Means,  of  the  Bureau  of  Soils,  theaidkr 
is  enabled  to  present  the  resultsof  the  analyses  of  soils  from  date-palm  pUntBtkse  i 
the  Oued  Rirh  country  in  southern  Algeria  secured  duriugthe  trip  he  and  Mr.llims 
H.  Kearney  made  in  1902  for  the  OflBce  of  Seed  and  Plant  Introduction  and  DisbrSicr 
tion.fl  These  soil  samples,  which  were  collected  after  the  above  pages -weir 
ten,  were  obtained  in  the  same  region  as  those  secured  by  the  writer  two 
previously,  and  amply  confirm  the  writer's  conclusions  as  to  the  extreme 
of  the  date  palm  to  alkali.    Mr.  Means's  tabulation  is  as  follows: 

Table  35. — Resistance  of  date  palms  to  alkali  at  four  stations  in  the  Oued  Hirk  co^iKtry  u 

the  Saliara  Desert  in  Algeria. 


Ck)ndition  of  palms. 

Depth 

of 
sample. 

Electro- 
lytic de- 
tennina- 
tions  of 
total 
salts. 

4.5 

1.4 

.5 

M.5 

6.36 

Chemical  analvsis. 

Location. 

Total 
salts. 

Gyp- 
siim. 

Harm- 
ful. 

alkiJia 

AtQMfB 

'  ceat'c 

M'raier 

Good 

Inches. 

0-12 
12-86 
36^ 

0-12 
12-36 

0-12 

12-36 

86-54 

(1-4  ft.) 

0-12 
12-26 

Do 

do 

Do    

do 

Oiirlana     ... 

Good :  13  years  old 

4.36 
4.02 
4.77 
4.46 
4.63 

8.45 
2.20 
8,79 
3.89 
3.53 

0.71 
.«2 
.93 
.57 

1.10 

a% 

Do 

. .-. .  .do 

.^ 

Do 

Good:  20  years  old 

LC 

Do 

do ..-. 

.€i 

Do 

do 

11"^ 

Do 

do - .- 

-f 

Ourir 

Fair 

6.99 
4.82 

2.38 
3.90 

1 

4.61 
.92 

4.« 

Do 

do 

S 

a  This  column  has  been  added  to  Mr.  Means's  table,  and  shows  the  amount  of  alkali,  countinf  f»^ 
ciura  sulphate  at  0.05  per  cent  in  accordance  with  the  method  outlined  on  p.  74.  Th««e  sums  ■■; 
be  compared  w^ith  the  analyses  reported  on  the  preceding  pages  and  with  the  alkali  cont<»]t  of  siaj 
determined  by  the  electric  methoa. 

bin  regard  to  the  seeming  discordance  between  the  results  of  the  determinadon  of  the  azBOOBtK 
alkali  by  the  electrical  and  chemical  methods,  Mr.  Means  writes  as  follows:  "The  apparent  difcrpp- 
ancy  between  the  total  solids  as  determined  by  the  bridge  and  by  chemical  analysis  in  the  mm^ 
collected  from  13-vear-old  palms  at  Ourlana  is  due  to  error  in  sampling,  for  the  sample  sent  l''tt< 
laboratory  was  collected  from  a  different  hole  from  the  sample  determined  by  the  bridge." 

The  amount  of  harmful  alkali  is  very  high  in  these  soils,  higher  in  fact  than  in  acy 
of  the  soils  collected  by  the  writer  except  at  Chegga,  Station  No.  1,  and  Tongsh. 
Station  No.  1.  These  newest  analyses  demonstrate  anew  the  remarkable  alisb 
resistance  of  this  wonderfiA  palm  and  show  that  it  is  perhaps  more  resistant  tfasn 
the  writer's  soil  samples  seemed  to  indicate,  and  make  his  estioiateB  of  its  probil)if 
resistance  conservative,  to  say  the  least. 

DRAINAGE  WATER  FROM  ALKALINE  SOILfi  USED  TO  IRRIGATE  DATS  PALMS  IS  THE  BAHABA. 

It  is  a  remarkable  fact,  showing  the  high  resistance  of  the  date  pata 
to  alkali,  that  drainage  water  is  used  to  irrigate  date  palms  even  in  the 
Oued  Rirh  region,  where  the  artesian  water  is  strongly  brackish  as  it 
flows  from  the  well,  and  where  in  addition  it  must  seep  through  the 
very  alkaline  soil  before  reaching  the  drainage  ditches.  Such  palms 
are  said  to  be  less  vigorous  and  to  yield  less  fruit.  There  are  sevetiJ 
date  plantations  in  the  oasis  of  Tozeur,  in  the  Tunisian  Sahara,  which 
are  irrigated  exclusively  by  water  from  the  drainage  ditches  of  gardens 

«  See  Yearbook  of  the  Department  of  Agriculture,  1902,  p.  573. 
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lated  on  higher  land.^  These  plantations  are  so  low  that  drainage 
tn possible,  and  naturally  the  growth  is  poorer  and  the  yield  lower 
,n  in  better  situations,  but  it  is  remarkable  that  even  date  palms 
>uld  be  able  to  grow  at  all  in  such  situations. 

BLAXJ    CONDITIONS    IN    RELATION    TO    DATE    CULTUBE    IN    THE    SALT 

RIVEB  VALLEY,  ARIZONA. 

A.  recent  soil  survey  of  the  Salt  River  Valley  region  made  by  Thos.  H. 
Bans^  shows  that  there  are  considerable  areas,  perhaps  1  per  cent  of 
e  land  in  the  valley,  where  the  amount  of  alkali  in  the  soil  is  from 
26  to  O.50  per  cent,  or  enough  to  be  dangerous  for  most  crop  plants, 
id  much  more,  perhaps  5  per  cent  of  the  land,  contains  over  0.5  per 
nt  where  none  but  alkali-resistant  crops  can  grow.  Most  of  these 
kali  spots  are  caused  by  the  rise  of  the  ground  water  in  the  lowest 
vels,  as  a  result  of  irrigation,  until  it  comes  so  near  the  surface  that 
oisture  reaches  the  surface  and  alkali  is  carried  up  from  the  subsoil 
Y  the  capillary  currents  of  water.  Such  ground  water  has  leached 
rom  higher  levels  and  is  often  charged  with  considerable  amounts  of 
[kali. 

The  water  used  to  irrigate  the  Salt  River  Valley  is  diverted  from 
ae  Salt  River  and  conducted  to  the  fields  in  open  ditches.  The  river 
}  low  during  summer  and  the  water  often  contains  a  considerable 
mount  of  harmful  alkali  in  solution.  Prof.  R.  H.  Forbes,  who  made 
,  study  of  the  water  of  the  Salt  River  from  August  1, 1899,  to  August 
:,  1900,  finds  that  from  June  1  to  August  4, 1900,  the  average  content 
d  soluble  salts  was  139  parts  per  100,000,  of  which  only  8.2  parts  per 
.00,000  consisted  of  the  harmless  gypsum,  leaving  130.8  parts  per 
lOO,000,  or  0.13  per  cent  of  harmful  alkali.  Professor  Forbes  remarks 
ihat  "it  is  to  l)e  remembered  that  this  year  (1900)  was  exceptionally 
iry,  and  the  waters  were  consequently  concentrated  for  a  longer  than 
usual  time.  Nevertheless,  for  a  considerable  portion  of  each  year 
bhese  Waters  are  low  and  salty  in  character,  and  it  remains  true  that 
their  use  (which  is  unavoidable)  must  be  attended  with  remedial  care."^ 
Professor  Forbes  considers  it  probable  that  with  the  prevailing  agri- 
cultural practice  of  Arizona  the  use  of  irrigating  water  containing 
100  parts  of  soluble  salt  per  100,000  is  likely  in  a  few  years  to  cause 
harmful  accumulations  of  alkali.  In  view  of  this  danger  the  great 
value  of  the  date  palm  is  obvious,  since  it  can  support  very  much  more 
alkaU  than  is  sufficient  to  kill  other  crop  plants. 

^ ,  — ^ —  * 

«  Maaselot  F.  Lea  dattiera  des  oaais  du  Djerid.  In  Bui.  de  la  Direction  de  P  Agric. 
et  du  Commerce,  R^ence  de  Tunis,  Vol.  6,  No.  19,  April,  1901,  p.  132. 

ftMeana,  Thos.  H.  Soil  Survey  in  Salt  River  Valley,  Arizona,  Field  Operations 
of  the  Division  of  Soils,  U.  S.  Department  of  Agriculture,  1900,  pp.  287-332. 

c  Forbes,  R.  H.  Bui.  44,  Arizona  Agricultural  Experiment  Station,  Tucson,  1902, 
p.  166. 
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As  wa8  noted  on  page  S6^  water  as  alkaline  as  this  is  without  sm 
direct  offeet  on  the  date  palm  and  could  l)e  injurious  only  by  kaiie' 
to  the  accumulation  of  alkali  in  badly  drained  soils  after  many  red 
of  heavy  irrigation. 

A  sample  of  surface  crust  from  an  alkaline  spot  south  of  Teop. 
Ariz.  (sec.  3,  T.  1  S.,  R.  4  E.),  near  where  the  CJooperative  Date  Gana, 
(ris.  XXI,  XXII,  and  tig.  6,  p.  36)  is  located,  shows  the  foltowlit 
relative  amounts  of  alkali  soluble  in  excess  of  water  (50  gxams  of  ^(i 
to  1,00()  gnims  of  water),  which  may  be  compared  with  the  aoalyafr 
of  crusts  from  the  Sahara  and  from  the  Salton  Basin  (p.  1^4): 

Table  36. — Percentage  composition  of  alkali  {soluble  in  excess  of  water)  in  mufsce-'^ni 

from  near  Tempe,  Ariz.<^ 

Calcium  sulphate 1^' 

Magnesium  sulphate -^* 

Sodium  sulphate ^* 

Sodium  chlorid ^"^ 

Potassium  chlorid 1^^- 

Sodium  carlxmate -tU 

Sodium  bicarbonate I'-^-^ 

Total  per  cent  of  weight  of  soil -5* 

The  surface  soil  (1  to  12  inches  in  depth)  from  the  same  stato^ 
shows  the  following  amounts  of  alkali  stated  in  per  cents  of  the  wei^i* 
of  the  soil: 

Table  37. — Per  cent  ofalJcali  in  surface  soil  from  Tempe,  Arh.^ 

Calcium  sulphate * ft  '*^ 

Magnesium  sulphate -^ 

Sodium  sulphate -^ 

Sodium  chlorid 1-® 

Potassium  chlorid -^ 

Sodium  carbonate '^ 

Sodium  bicarbonate •■*- 

Total 2^^ 

It  must  be  remembered  that  in  the  Cooperative  Date  Grardon  »t 
Tempe  the  roots  doubtless  reach  a  subsoil  containing  much  lesj^  than 
this  amount  of  alkali.  Most  of  the  alkali  spots  in  the  Salt  Bivei 
Valley  can  be  planted  profitably  to  date  palms  if  care  be  taken  in  irri- 
gating (see  chapter  on  drainage,  p.  50).  Near  the  date  garden  alfalf* 
was  killed  by  the  rise  of  alkali  a  few  years  ago,  and  even  pear  tree  | 
showed  evident  signs  of  distress,  while  a  date  palm  growing  alonjfsi^i^  j 
was  entirely  unaffected  by  the  alkali. 

«  Analyses  quoted  from  Thos.  H.  Means,  Field  Operations  of  the  Bureau  of  Soils? 
Second  Report,  1900,  p.  320. 
*>  Calculated  from  an  analysis  reported  by  Means,  1.  c,  p.  320. 
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,  sbould  be  noted  that  the  alkali  occurring  in  many  parts  of  the  Salt 
er  Valley,  represented  by  this  sample,  is  of  a  diflferent  t^^pe  from 
i  found  in  the  Algerian  Sahara  and  in  the  Salton  Basin,  California. 
ilie  last-named  regions  the  alkali  is  of  the  "white"  kind  and  con- 
is  only  very  small  percentages  of  carbonates  or  bicarbonates.  In 
Salt  River  Valley  sample,  on  the  contrary,  the  alkali  is  of  the 
called  *' black"  sort,  and  contains  an  appreciable  amount  of  the 
Kly  poisonous  sodium  carbonate,  which  is  much  more  injurious  to 
®t  plants  than  is  "white  alkali."  Black  alkali  is  intensely  alkaline 
reaction,"  and  because  of  this  reaction  is  highl}^  corrosive  to  the 
>ts  of  plants.  It  also  has  the  property  of  dissolving  the  humus  of 
i  soil,  which  causes  the  formation  of  black  crusts  and  of  black  spots 
the  fields  where  this  type  of  alkali  is  abundant;  whence  the  napie. 
From  the  thrifty  growth  of  the  date  palms  in  the  Cooperative  Date 
irden  at  Tempe,  Ariz.,  in  soils  approximating  the  above  sample  in 
e  amount  and  nature  of  their  alkali  content,  it  is  probable  that  the 
ite  palm  is  able  to  resist  small  quantities  of  black  alkali.  Further 
searches  are,  however,  needful  to  settle  this  point.     (See  p.  120.) 

LKAL.I    CONDITIONS    IN   RELATION  TO    DATE   CULTURE    IN  THE   SALTON 

BASIN,    CALIFORNIA. 

GEOGRAPHY   AND   GEOLOCiY   OP  THE  SALTON   BASIN. 

The  Salton  Basin,  or  Colorado  Desert,  (see  PI.  IV,  p.  122,  fig.  10, 
).  102,  and  PI.  XVIII,  fig.  1),*  is  a  basin  the  center  of  which  is  far 
)elow  sea  level  (some  263  feet  below  at  Salton).  It  is  surrounded  by 
nountains  on  three  sides,  and  is  limited  on  the  south  by  sedimentary 
ieposiis  of  the  delta  of  the  Colorado  River  which  have  piled  up  con- 
siderably above  the  sea  level.  The  high  San  Jacinto  Mountains  on 
the  west  effectually  protect  the  basin  from  the  cold  and  humid  winds 
from  the  Pacific  Ocean,  while  the  still  higher  San  Bernardino  Moun- 
tains form  a  barrier  on  the  north  that  stops  the  cold  winds  that  sweep 
across  the  Mohave  Desert;  on  the  east,  San  Bernardino  and  the  lower 
Chocolate  Mountains  limit  the  basin. 

That  part  of  the  Salton  Basin  which  lies  below  sea  level  was  covered 
until  comparatively  recent  times  by  the  Gulf  of  California,  which  then 
extended  much  farther  north  than  now.  The  Colomdo  River,  which 
then  flowed  into  the  gulf  near  where  Yuma  is  now  situated,  brought 
down  at  flood  times  an  enormous  mass  of  sediment,  which  gradually 

«  Alkali,  in  spite  of  its  name,  is  oft-en  composed  of  neutral  salts,  such  as  sulphates 
and  chlorids,  and  has  in  consequence  no  pronounced  alkaline  reaction.     (See  p.  72. ) 

^Seealao  Pis.  LXXXVII  to  XCV,  Means  and  Holmes,  kSoil  Survey  around  Impe- 
rial, Cal.,  in  Field  Operations  of  the  Bureau  of  Soils,  Third  Report,  1901;  alno 
Pk  XXIII  to  XXVI,  Coville  and  MacDougal,  Desert  Lalwratory  of  the  Carnegie 
Inatitution,  Publication  No.  6,  Carnegie  Institution  of  Washington,  November,  1903. 
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Wt,  a  bar  across  the  narrow  gulf  and  cut  off  the  upper  portion,  now 
6   Salton  Basin,  from  the  sea.^ 
IBarrows  says:* 

A.11  this  took  place  in  very  recent  times.  The  Ooahuila  Indians,  who  to-day  inhabit 
e  \ipper  end  of  the  valley,  have  a  distinct  and  credible  tradition  of  the  drying  up 
Lis  lake  and  of  the  occasional  sudden  return  of  its  waters,  and  the  Dieguenos,  who 
at  a  time  when  the  supply  of  water  along  the  central  portion  of  the  valley  was 
rol^ably  much  greater  than  at  present,  raised  on  the  naturally  irrigated  soil  abun- 
1X1 1;  crops  of  maize,  melons,  and  beans.  But  slowly  the  valley  was  abandoned  to 
ridity.  Almost  unvisited  by  rainfall,  except  about  the  edge  of  the  mountains,  the 
lea  of  the  river  left  it  cruelly  dry.  Low,  and  inclosed  between  heat-reflecting  ranges 
:kSLt>  shut  off  the  breezes  of  the  ocean,  it  gained  a  temperature  which  is  one  of  the 
liglieet  on  the  globe.  The  windstorms  that  rage  up  the  valley  from  the  southeast 
imrve  drifted  great  dunes  of  sand  over  certain  portions,  and  much  of  the  country 
le^er  reached  by  the  deposits  of  the  lake  is  as  black,  stony,  and  repulsive  as  erup- 
ive  rock  formations  in  the  desert  can  be.  Apparently  about  the  middle  of  the  first 
^alf  of  the  century  the  overflow  from  the  Ck>lorado  was  largely  checked  and  not 
reeiimed  to  any  extent  until  the  year  1849.  The  Indians,  who  had  lived  in  plenty 
sklong  the  central  valley,  were  driven  by  the  drought  forever  from  their  homes. 

During  the  high  flood  of  the  Colorado  River  in  June  and  July  the 
'water  breaks  through  its  banks  near  Algodones,  in  Mexico,  a  few 
miles  below  Yuma,  and  flows  westward  through  an  old  channel  for 
some  thirty  miles;  then,  turning  north  into  the  United  States,  it  flows 
through  the  Salton  River  to  Salton  Lake,  filling  up  Mesquite  Lake 
on  the  way.     Most  of  the  stream,  however,  goes  on  to  Lake  Jululu, 
or  Volcano  Lake,  from  which  the  New  River  flows  northward  to  Sal- 
ton Lake,  and  the  Hardy  River  southward  to  the  Gulf  of  California 
(see  fig.  10).     The  Salton  and  New  rivers  flow  only  during  the  high- 
est floods,  but  the  Hardy  River  flows  all  the  year,  being  fed  by  the 
Rio  Padrones. 

The  Maquata  Basin,  a  region  similar  to  the  Salton  Basin,  and,  like 
it,  lying  below  sea  level,  lies  to  the  west  of  the  Cocopah  Mountains  in 
Mexico.  It  is  usually  a  waterless  desert,  but,  at  times  of  very  high 
flood  in  the  Hardy  River,  water  flows  around  the  mountain  range, 
creating  the  Laguna  Maquata  ^  (see  fig.  10)  in  the  center  of  the  basin. 
This  is  probably  the  only  region  in  Mexico  which,  when  irrigated, 
will  be  suitable  for  the  culture  of  the  best  sorts  of  dates. 

«Some  studenti?  of  this  region  believe  that  an  upheaval  of  the  region  covered  by 
the  delta  aided  in  cutting  off  Salton  Basin  from  the  Gulf  of  California.  The  occur- 
rence of  mud  volcanoes  and  of  extinct  craters,  such  as  the  Sierra  Prieta,  lends 
strength  to  the  view  that  the  piling  up  of  such  enormous  masses  of  sediment  has 
induced  geologic  changes.  The  old  beach  lines  of  the  Salton  Basin  are,  however, 
still  approximately  at  sea  level,  which  would  go  to  show  that  there  has  been  but 
slight  change  in  the  level  of  the  region  as  a  whole  since  it  was  cut  off  from  the  sea. 
(See  Barrows,  David  P.,  The  Colorado  Desert,  in  National  Geographic  Magazine,  Vol. 
XI,  No.  9,  September,  1900,  p.  340.) 

&L.  c,  p.  341. 

« Barrows,  1.  c,  p.  344. 
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The  greater  part  of  the  Salton  Basin  is  as  level  as  a  floor  and 
as  destitute  of  vegetation  (see  PI.  XVIII,  fig.  1),  which  renders  it 
exceptionally  favorable  region  to  put  under  irrigation,  since  in 
places  no  leveling  is  required  and  very  low  dikes  serve  to  retftin  fefae 
water. 

The  geographical  position  of  Salton  Basin  is  indicated  by  figure  1^ 
its  general  character  is  shown  in  Plate  XVIII,  figure  1,  and  a  detaiki 
soil  map,  showing  types  of  soil  and  the  amount  of  alkali  pi^esenL  k 
given  in  Plate  III,  page  106.  The  location  of  the  area  showD  in  PitfE 
III  is  indicated  by  the  ruled  space  in  figure  10,  page  102. 

Many  schemes  have  been  broached  for  the  irrigation  of  the  Saltoa 
Basin  since  it  was  first  surveyed  in  1854.  Since  1891  Mr.  C.  R.  Bock- 
wood,  of  Los  Angeles,  Cal.,  has  been  making  surveys  and  persistendr 
endeavoring  to  interest  capital  in  irrigating  this  region.  His  efforts 
have  resulted  in  the  formation  of  a  company  which  in  1901  carried 
the  first  water  into  the  lower  part  of  the  Salton  Basin.^  Land  and 
irrigation  companies  formed  at  the  same  time  and,  working  in  cooper- 
ation with  the  company  mentioned,  pushed  energetically  the  sale  and 
development  of  the  land  irrigated  by  the  water,  and  now  in  1903  some 
100,000  acres  are  under  irrigation  and  it  is  planned  to  extend  the  canab 
so  as  ultimately  to  irrigate  most  of  the  basin  below  the  sea  level,  some 
600,000  acres  in  all. 

The  main  diversion  works  are  at  Hanlon's  Heading,  some  7i  miles 
below  Yuma,  whence  the  water  is  conducted  about  8  miles  to  tbt 
channel  of  the  Salton  River,  which  is  used  to  carry  the  water  60 
miles  to  the  northwest,  where  at  the  international  boundary  line  it  k 
turned  into  a  60-foot  canal  with  a  capacity  of  5,000  seoond-feet 
intended  to  irrigate  all  the  lands  lying  between  the  Salton  and  New 
rivers.  After  entering  the  United  States  for  a  short  distance  this 
large  canal  is  divided  into  two  30-foot  canals  running  side  by  side,  the 
object  being  to  use  one  while  the  other  is  being  cleaned.  The  courses 
of  the  lateral  canals  are  shown  in  the  map  on  Plate  III.  Other  main 
canals  are  planned  to  conduct  the  water  from  the  Salton  channel  to 
irrigate  land  in  Mexico  as  well  as  lands  in  the  Salton  Basin  in  Cal- 
ifornia lying  east  of  Salton  River  and  west  of  New  River  *  (see 
figure  10,  p.  102). 

WATER  SUPPLY  OP  THE  SALTON  BASIN. 

The  greater  part  of  the  Salton  Basin  can  be  watered  from  the  Colo- 
rado River,  and  a  large  area  in  the  basin,  from  Calexico,  on  the  Mexi- 
can boundary,  to  Imperial,  Brawley,  and  northward,  is  now  irrigated 

« Means,  Thos.  H.,  and  Holmes,  J.  Garnett.  Soil  Survey  around  Imperial,  Cil. 
In  Field  Operations  of  the  Bureau  of  Soils,  U.  S.  Department  of  Agricalture,  Thiid 
Report,  1901,  p.  588. 

*  Means  and  Holmes,  Soil  Survey  around  Imperial,  Cal.,  Field  Operationaof  the 
Bureau  of  Soils,  U.  S.  Department  of  Agriculture,  Third  Report,  1901,  pp.  588, 589. 
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iiieaii.s  of  water  conducted  from  near  Yuma,  as  above  described. 
>rtunately,  the  Colorado  River  water  is  of  remarkabl}^  good  qualit}', 
iiough  this  stream  flows  for  hundreds  of  miles  through  arid  regions 
icl  many  of  its  tributaries  drain  highl}^  alkaline  deserts.  An  exten- 
gro  set  of  analyses  was  made  by  Prof.  R.  H.  Forl>es  for  the  period 
oixi  January  10,  1900,  to  January  24,  1901,"  during  which  time  the 
►ntent  in  soluble  salt  of  the  river  water  at  Yuma  varied  from  21  to 
55  parts  per  100,000,  or  from  0.021  to  0.125  per  cent.  During  the  low 
ages  of  the  river  in  winter,  early  spring,  and  late  in  summer,  the 
kali  content  runs  about  90  parts  per  100,000.  For  two  months  (from 
[ay  25  to  July  27,  in  1900),  during  the  flood  caused  by  the  melting  of 
le  snows  of  the  Rocky  Mountains,  less  than  27  parts  of  soluble  salt 
1  100,000  were  observed.  On  the  other  hand,  during  a  smaller  sud- 
en  rise  in  October,  due  to  torrential  downpours  on  the  Arizona  water- 
bed,  the  alkali  content  rose  markedl v,  averaging  105  parte  per  100,000 
roni  September  26  to  November  19.  This  decided  increase  in  the 
oluble  salt  content  of  the  water  was  doubtless  Oi'casioned  by  the  wash- 
ng"  of  salts  out  of  the  desert  soil  into  the  Arizona  rivers  and  its  subse- 
[uent  drainage  into  the  Colorado  River.  During  the  year  1900  the 
^lorado  River  water  contained  less  than  100  parts  of  salts  per  100,000 
>f  water  during  315  days  and  more  than  100  parts  per  100,000  during 
>nly  50  days. 

During  the  growing  and  fruiting  season  of  the  date  palm,  from 
A.pril  15  to  September  15,  inclusive,  when  four-fifths  of  the  water 
deedful  for  the  whole  3'ear  nuist  be  applied,  the  soluble  salt  content 
ranges  from  0.021  to  0.068  per  cent,  or  from  21  to  68  parts  in  100,000 
of  water;  while  for  two  months  during  the  flood,  when  water  is  most 
abundant  for  irrigation  purjmses  and  consequently  most  easily  spared 
for  washing  alkali  out  of  the  soil,  the  alkali  content  is  onh'  al)out  27 
parts  per  100,000,  or  0.027  per  cent. 

A  considerable  part  of  the  soluble  salts  held  in  solution  consists  of 
harmless  (if  not  l)enQficial)  gypsum,  which  varies  but  slightly  during 
the  year,  making  up  from  5.6  to  S.G  parts  per  100,000,  which  would 
reduce  the  harmful  alkali  content  during  the  summer  months  to  about 
14:  to  60  parts  per  100,000,  and  to  20  parts  per  100,000  during  the  two 
months  of  flood  in  May,  June,  and  July.  Such  small  amounts  of 
alkali  in  irrigation  water  are  without  harmful  influence. 

The  relatively  high  purity  of  the  Colorado  River  water  is  shown 
best  by  a  comparison  with  that  used  to  irrigate  the  flourishing  date 
gardens  of  the  Sahara.  At  Biskra  the  amount  of  soluble  salt  varies 
from  75  to  235  parts  per  100,000,  and  is  highest  in  summer,  when 
the  palms  need  most  w^ater.     At  Chegga,  Algeria,  the  soluble  salt 

0  Forbes,  R.  H.  The  River  Irri^tinp  Waters  of  Arizona — ^Their  Character  and 
Effects.     Bui.  No.  44,  Arizona  Agricultural  Kxi)eriment  Station,  Tucson,  UK)2,  p.  202. 
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content  of  the  artesian  water  is  no  less  than  640  parts  per  l^X^OHll 

after  subtracting  gypsum  there  remain  434  parts  per  100,000  of 

alkali — 0.434  per  cent,  or  250  grains   to   the   gallon.     At 

Algeria,  very  extensive  and  flourishing  plantations  are  ii 

a  flowing  artesian  well  (Puits  Desveaux),  where  the  water  cootuii 

parts  per  100,000  of  soluble  salt  and  403  parts  per  100,000  of 

alkali. 

The  Colorado  River  water  is  better  than  that  used  to 
famous  Salt  River  Valley  of  Arizona,  and  has  the  advanta^  of 
the  lowest  alkali  content  in  summer,  whereas  just  the  leYerse  vni 
of  the  Salt  River  water  (see  p.  99). 

The  water  of  the  Colorado  River  carries,  both  in  solutkni  ui\ 
suspension  as  fine  silt,  fertilizing  materials  of  considerable  value,  cl 
sisting  principally  of  potash,  nitrogen,  and  phosphoric  acid.  1 
soils  of  the  Sal  ton  Basin  are  at  present  so  rich  that  they  do  ndtf 
the  fertilizei's  thus  carried  to  the  land  by  the  irrigating  water,  h 
such  fertilizing  substances  deposited  by  the  water  will  serve  to  bi 
up  the  fertility  in  the  future  even  under  heavy  cropping.  E« 
now  the  phosphoric  acid  brought  by  the  Colorado  River  water  44 
p.  1 14)  is  doubtless  decidedly  beneficial  to  the  soils  of  the  Salton  Bis 
which  contain  but  very  small  amounts  of  this  verj*^  necessary  plant  fb« 

SOIL  CONDITIONS   IN  THE  SALTON   BASIN. 

The  soil  conditions  existing  in  the  greater  part  of  the  Saltan  Btf 
are  shown  by  Means  and  Holmes,  of  the  Bureau  of  Soils,  ^  who  Jsd 
surveys  in  1901  covering  some  108,100  acres  lying  between  the^tf 
and  the  Salton  rivers  (fig.  10  and  PI.  Ill),  comprising  the  larger  ]* 
of  the  basin  as  yet  put  under  irrigation.  This  area  is  shown « 
Plate  III.  The  same  clavsses  of  soils  and  the  same  general  conditim^^< 
alkalinity  prevail  over  the  greater  part  of  the  Salton  Basin. ^ 

In  the  portion  of  the  basin  surveyed  by  Means  and  Holmes  si 
types  of  soils  were  recognized.  The  areas  occupied  by  thes^e  tjpi 
are  shown  in  Table  38. 

(^  Circular  9,  Bureau  of  Soils,  January,  1902,  and  Field  Operations  of  the  Borai< 
Soils,  U.  S.  Department  of  Agriculture,  1901,  pp.  587-606,  map  29. 

^  The  University  of  California  also  investigated  the  soil  conditions  in  the  M 
Basin,  and  in  February,  1902,  published  a  valuable  report  on  this  r^on  (SBti 
Frank  J.,  Hilgard,  E.  W.,  and  Shaw,  G.  W.,  lAnds  of  the  Colorado  Delta  in  6 
Salton  Basin,  Bui.  140,  Cal.  Agr.  Exp.  Sta.,  pp.  51,  with  supplement  by  Joeeph  Bd 
Davy,  The  Native  Vegetation  and  Crops  of  the  Colorado  Delta  of  the  Salton  to 
April,  1902,  pp.  8). 
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•B  38. — Areas  of  different  soils  siirveijed  in  the  Salton  Basin  around  Imperial,  Col, 


Soil  type. 


Area. 


j  Acres. 

»sand !  29.840 

irialsand  !  1,020 

trial  sandy  loam  ....'. i  23, 710 

Mial  loam 30,410 

^rialclay 28,120 

Total 108,100 


Per  cent 

of  area 

surveyed. 


27.7 
1.0 
21.9 
28.0 
21.4 


100.0 


Che  alkali  content  of  the  surveyed  land  is  shown  in  Table  39. 

Table  S9.—AlhjH  eo7itent  of  soils  surveyed  in  Stdton  Basin  around  Imperial^  Col. 


Alkali  content. 


8  than  0.2  per  cent  . 
im  0.2  to  0.4  per  cent 
«n  0.4  to  0.6  per  cent 
un  0.6  to  1  per  cent  . 
>in  1  to  3  per  cent . . . 
er  cent  and  over  — 


Area. 

Percent 

of  area 

surveyed. 

Acres, 

42,220 

26,320 

23,040 

6,220 

6,670 

6,630 

39.1 

23.4 

21.8 

4.8 

5.3 

6.1 

Dunesand  consists  of  reddish-brown  sand,  luther  rotten,  and  often 
ixed  with  small  particles  of  flocculated  soil.  It  is  blown  by  the  wind 
ito  small  dunes,  usually  crescent-shaped  and  2  to  10  feet  high.  The 
anes  are  underlain  by  the  heavier  soils  of  the  basin.  This  soil  is 
lostly  free  from  alkali,  but  the  land  is  not  now  occupied  for  agricul- 
iiral  purposes  because  of  the  heavy  expense  necessary  to  level  it  to  ren- 
er  it  fit  for  irrigation.  This  expense  is  variously  estimated  at  from 
i20  to  $30  an  acre,  and  in  view  of  the  preference  of  the  date  palm  for 
andy  soils,  it  may  prove  in  future  a  profitable  investment  to  level 
iuch  land  and  plant  it  to  the  choice  varieties  of  date  palms.  This  dune- 
jftnd  area,  as  may  be  seen  from  the  maps,  is  of  considerable  extent. 

The  small  area  of  level  Imperial  sand  is  also  free  from  harmful 
quantities  of  alkali  and  would  be  very  useful  for  date  culture.  The 
Mnount  of  such  land  is  small,  however,  and  it  will  probabl}'^  be  used 
for  truck  crops  sensitive  to  alkali. 

The  Imperial  sandy  loam  soil  is  formed  by  the  coarsest  particles  of  the  Colorado 
River  deposit  mixed  with  wind-blown  sand.  The  sandy  loam  extends  to  a  depth  of 
3  feet  and  is  underlain  by  a  loam  or  heavy  loam.  This  soil  will  take  water  readily,  and 
where  level  and  free  from  alkali  is  adapted  to  cultivated  crops  or  alfalfa.  Some  of 
the  l)e8t  and  some  of  the  worst  lands  of  the  valley  are  composed  of  this  type.« 

The  Imperial  sandy  loam  occupies  over  one-fifth  of  the  surveyed 
area  in  the  Salton  Basin  and  is  probably  the  soil  on  which  the  date 
palm  will  succeed  best,  as  it  is  on  such  land  that  it  grows  best  in  the 
Sahara. 


aMeanFand  Holmes.     Field  Operations  of  the  Bureau  of  Soils,  U.  S.  Department 
of  Agriculture,  lUOl,  p.  594. 
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About  three-quarters  of  the  area  occupied  by  this  type  of  soil  «• 
tains  less  than  0.6  per  cent  of  alkali,  which  amount  is  absolutely  wb 
out  harmful  effect  on  the  date  palm.     It  will  probably  gro^r  nearly  k 
well  on  an  additional  10  per  cent  of  the  land  even  withoot  drmioi^ 
and  could  struggle  along  on  10  per  cent  more  of  the  area,  wfaik  i 
drainage  were  provided  doubtless  the  whole  area  of.  sandy  loam  coei! 
l)e  planted  to  date  palms. 

The  Imperial  loam  soil  has  a  smooth  surface  as  level  as  a  floor  £& 

almost  devoid  of  vegetation. 

It  has  the  peculiar  Blick,  shiny  appearance  often  seen  in  localities  when^  wmr^rr  bi 
recently  stood.  It  is  the  direct  sediment  of  the  Colorado  River,  which  'wmsi  d*»po«i 
in  strata  when  the  area  was  under  water.  These  strata  are  from  0.01  inch  t**  *  s^rJ 
inches  thick,  very  much  resembling  shale;  in  fact,  to  all  external  appeax&nces  bssit 
exactly  similar.  When  water  is  applied,  however,  the  soil  softens  up  and  L«  a  ^^ 
dish,  sticky  loam,  a  little  heavier  than  a  silt  loam.  It  is  from  4  to  6  feet  deep,  ub^- 
lain  by  a  clay  or  clay  loam,  and  contains  considerable  organic  matter,  incl  a<iifi?  ' 
abundance  of  nitrogen  and  potash.  When  free  from  alkali  it  is  well  ada|>ted  t*-ik 
growing  of  wheat,  barley,  and  alfalfa. ^ 

The  Imperial  loam  is  much  like  the  heav}'  soils  in  the  oases  at  the 
northern  edge  of  the  Sahara,  in  Algeria,  and  is  well  adapted  to  d? 
date  palm  if  properly  irrigated  to  prevent  its  becoming  too  drv  a»i 
if  kept  in  a  proper  stiite  of  tilth  to  prevent  packing.     This  soil  is  reij^ 
alkaline  in  the  region  surveyed  in  the  Salton  Basin,  but  about  60  ppr 
cent  of  the  area  covered  b}'^  this  soil  has  less  than  0.6  per  cent  of  aJJa£  | 
and  an  additional  10  per  cent  will  support  the  date  palm  nearly  as  weL 
making  70  per  cent  of  the  land  where  this  plant  will  be  unhampei?^ 
by  alkali.     The  date  can  grow,  though  less  vigorously,  on  an  addi- 
tional 15  per  cent  of  the  area,  though  it  may  not  fruit  well  ubW 
drainage  be  provided  and  some  of  the  alkali  washed  out. 

The  Imperial  clay  soil  (PL  XVIII,  fig.  1)  is  found  as  a  surface  .^ 
or  as  subsoil  at  greater  or  less  depth  throughout  the  surveyed  area. 

It  is  usually  comparatively  level,  although  in  some  places  small  hummocks  h»^ 
been  blown  up  on  its  surface.     It  is  this  soil  that  surrounds  both  the  towns  of  CalejK'*' 
and  Imperial,  the  only  difference  in  the  soils  of  the  two  districts  being  in  theali*^  , 
content.     The  soil  has  been  formed  by  the  deposition  of  the  finest  sediment  of  tl*  I 
Colorado  River,  and  is  stratified  in  the  same  way  as  the  loam.    It  is  a  hea\'y,  sticiyt 
plastic  Hoil,  very  much  resembling  the  clay  subsoil  found  in  the  Mississippi  Bi^  ' 
Delta.     When  dry  and  in  its  natural  state,  it  exists  in  hard  cakes  and  lumps,  vbki 
may  be  cut  with  a  knife  and  are  susceptible  of  taking  a  high  polish.    When  wet  ^ 
lumps  are  very  plastic  and  sticky,  making  a  soil  which  is  very  refractorj'  and  diflSfc^  ! 
to  cultivate.     Upon  drying,  the  soil  becomes  very  hard  and  cracked.     Sorghom  *^ 
millet  were  grown  this  year  on  several  hundred  acres  of  this  land  in  the  \icinitT  t**  | 
Calexico,  and  produced  good  crops.    The  sorghum,  however,  was  the  best,  theyisJ^ 
being  6  or  8  tons  to  the  acre.  j 

Cultivation  of  this  clay  soil  will  be  very  difficult.  A  similar  soil  is  foozid  in  tb«  | 
Salt  River  Valley  as  a  phase  of  the  Glendale  loess,  and  is  locally  known  as  "flick- 

<i  Means  and  Holmes.    Field  Operations  of  the  Bureau  of  Soils,  U.  S.  Department 
of  Agriculture,  1901,  p.  595. 
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The  farmers  of  that  neighborhood  have  considerable  diflaculty  in  managing 
soil,  and  it  is  not  a^  refractory  as  much  of  the  Imperial  clay.  Kither  annual 
I  or  crops  which  can  be  cultivated  throughout  the  growing  season  are  productive 
»st,  results  on  this  soil,  for  the  heavy  and  hard  crusts  need  to  be  broken  up  and 
3vighly  pulverized  occasionally.  Al&ilfa  does  not  do  well  on  such  soil,  for  the 
'j&  seem  too  hard  and  the  soil  too  dense  and  impenetrable  to  permit  the  constant 
Eision  of  the  fine  rootlets  so  essential  to  permanency  in  an  alfalfa  field.  Deep 
ring  and  thorough  cultivation  will  in  a  few  years  greatly  improve  this  soil." 

Practically  none  of  the  heavy  clay  soil  is  free  from  alkali,  but  some 
por  cent  of  this  land  in  the  surveyed  area  carries  less  than  0.4  per 
Is  of  alkali,*  and  about  25  per  cent  more  of  the  area  occupied  by 
perial  clay  has  from  0.4  to  0.6  per  cent  of  alkali,  where  the  date 
1  succeed  as  well,  making  some  70  per  cent  of  this  soil  available  for 
t  most  remunerative  date  culture.  The  date  palm  can  grow,  but  will 
lit  less  on  7.5  per  cent  more  of  the  clay  land  even  without  drainage, 
.king  in  all  about  77.5  per  cent  of  this  soil  that  is  immediately  avail- 
le  for  date  culture.  The  date  can  struggle  along  even  without 
:iticial  drainage  on,  perhaps,  75  per  cent  more  of  the  area. 
The  observations  of  Mr.  D.  G.  Fairchild  near  Bassorah,  on  the  Shat- 
Arab  River,  at  the  head  of  the  Persian  Gulf,  show  that  these  great 
.te  plantations,  the  most  extensive  in  the  world,  are  on  "as  pure  an 
.obe  as  the  clay  of  a  brickyard,"^  and  indicate  the  probability  that 
ktes  may  be  grown  successfully  on  any  heavy  soils,  provided  the  soils 
5  adequately  drained  and  aerated. 

In  the  Bassorah  date  region  the  soil  is  automatically  watered,  drained, 
id  aerated  by  a  system  of  ditches  which  fill  from  the  river  at  high 
de  and  drain  out  again  at  low  tide. 

In  the  Salton  Basin  and  elsewhere  in  the  United  States  it  is  prob- 
ble  that  drainage  ditches  or  tile  drains  will  be  necessary  to  permit  the 
roper  utilization  of  the  heaviest  clay  soils. 

Messrs.  Means  and  Holmes  say:  "Of  the  lands  which  are  level 
nough  to  permit  profitable  irrigation  17  per  cent  have  0  to  0.2  per 
sent  of  alkali,  and  are  at  present  safe  for  cultivation  to  all  ordinary 
Tops;  32  per  cent  have  0.2  to  0.4  per  cent  of  alkali,  which  is  risk}'^  for 
)rdinary  crops;  the  remaining  51  per  cent  are  too  alkaline  to  be  taken 
ip  for  any  but  alkali-resistant  crops."  That  is  to  say,  only  49  per 
lent  of  the  irrigable  land  in  the  surveyed  area  of  the  Salton  Basin  is 
suitable  for  growing  ordinary  crops,  whereas  76  per  cent  is  available 
for  date  culture. 

"Means  and  Holmes.  Field  Operations  of  the  Bureau  of  Soils,  U.  S.  Department  of 
Agriculture,  1901,  pp.  595,  596. 

6  In  soils  of  this  nature,  having  a  very  fine  texture  and  consequently  a  high  water 
capacity,  a  given  percentage  of  alkali  is  not  so  injurious  as  in  a  sandy  soil  of  low 
water  capacity,  for  the  reason  that  the  alkali  forms  a  more  dilute  solution  in  the  soils 
which  hold  more  water.     (See  p.  75. ) 

c  Fairchild,  D.  G.  Persian  Gulf  Dates  and  Their  Introduction  into  America. 
Bill.  No.  54,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture,  1903. 
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Sample  D  is  the  most  interestinji^,  a^j  it  shows  the  ability  of  tl^:^ 
of  the  fan  palm  to  ji^row  in  enormously  alkaline  soil.  | 

A  recalculation  of  sample  D  in  comparison  with  the  surface  ?c€i 
Station  No.  1  at  Chcgga,  Algeria,  the  only  sample  obtained  m  i 
Sahara  with  so  high  an  alkaline  content,  is  given  here^^ith. 

Tahlk  42. — Per  vent  of  nlhdi  in  mil  at  Palm  Canyon j  California^  ami  at  f'hf'g^i^  JJf^ 
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No  subsoil  in  the  Sahara  or  from  the  Salton  Basin  aft?  \'et  reportd 
is  so  alkaline  as  the  subsoil  from  Palm  Canyon.  There  are  no  rwl 
very  near  the  surface,  where  the  amount  of  alkali  is  greatest,! 
Chegga  (or  at  the  other  Saharan  stations),  whereas  the  layer  in  qoe 
tion  in  Palm  Canyon  is  full  of  roots.  Prof.  R.  H.  Forbes^  has  calb 
attention  to  the  occurrence  of  roots  of  the  date  palm  at  6  feet  in  depd 
in  ''very  alkaline  subsoil"  in  the  Salt  River  Valle^^  Arizona,  wbeF 
the}'^  were  forcing  their  way  into  the  calichi  hardpan.  The  date  pah 
doubtless  can  stand  as  much  alkali  as  the  fan  palm,  and  it  is  probal^ 
that  it  would  grow  where  the  fan  palm  is  now  found  wild. 

The  summer  heat  will  doubtless  be  less  than  in  the  lower  parud 
the  Salton  Basin,  for  these  fan  palms  occur  some  5(X)  feet  or  dhw* 
above  sea  level.  The  winters  are,  on  the  other  hand^  warmer  at  soA 
altitudes,  if  there  is  a  good  drainage  of  cold  air  to  lower  levek  (s«* 
p.  ()1). 

CIIK.MICAL  COMPOSITION    OP  THE    .\LKALI    OP  THE  8.\LrON    B.^SIN. 

An  analysis  of  a  mixture  of  eight  surface  crusts  was  reported  'wl^'- 
by  Means  and  Holmes,  which  analysis  is  given  below  alongside  tlss 
of  six  surface  crusts  obtained  in  1900  in  the  Algerian  Sahara. 

Tahlk  48. — Percentatje  composition  of  alkali  in  surface  crugtjt  from  the  Ahjcrian  Sak^ 

anil  from  the  fSatton  Basin^  California. 
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n  Arizona  Experiment  Station,  11th  Annual  Report,  p.  156. 
ft  Wanting  in  some  of  the  soils  analyzed. 
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bo  following  table  shows  the  composition  of  the  alkali  in  a  few 
ctoe  crusts  and  soils  in  the  Salton  Basin.  The  analyses  are  some 
bose  given  by  Means  and  Holmes.^ 


kBi^B  44. — Tlieoretical  j)€rcerdage  composition  of  alkali  in 
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The  alkali  of  the  Salton  Basin  is  of  the  same  type  ("  white  alkali") 
that  of  the  Sahara  Desert  in  southern  Algeria,  since  in  both  regions 
karge  excess  of  gypsum  is  present  in  almost  all  cases,  which  pre- 
jnts  the  formation,  under  ordinarily  good  conditions  of  culture  and 
rainage,  of  any  dangerous  amount  of  the  very  hamiful  alkaline  car- 
)Dates.  The  Saitoh  Basin  samples  differ  considerably  from  those 
•om  the  Sahara  in  showing  rather  large  percentages  of  sodium  nitrate 
I  the  surface  crusts,  which  is  entirely  lacking  in  the  surface  crusts  or 
>ils  from  the  Sahara.  However,  only  very  small  quantities  of  nitrates 
ccur  below  the  surface  crust  in  the  soils  of  the  Salton  Basin,  unless 
be  soils  are  so  alkaline  as  to  preclude  all  agriculture.  The  Salton 
Jasin  soils  often  show  considerable  percentages  of  calcium  chlorid, 
(ranting  in  Sahara  soils.  Salton  Basin  soils  contain  much  larger  per- 
entages  of  potassium  chlorid  and  sodium  bicarbonate  and  a  larger 
)roportion  of  chlorids  and  less  sulphates  than  do  the  Sahara  soils 
examined 

The  Salton  Basin  alkali  is  slightly  more  dangerous  to  crops  than  that 
)f  southern  Algeria,  because  of  the  larger  proportion  of  chlorids,  and 
because  of  the  presence,  in  many  cases,  of  considerable  amounts  of 
sodium  bicarbonate,  which,  if  the  land  is  watered  excessively  and 
badly  drained,  ma}-  be  converted  into  the  very  harmful  sodium 
carbonate. 

— —  —    ■  --     ■■     -  

« Means  and  Holmes.  Soil  Sun^ey  around  Imperial,  Cal.  Field  Operations  of  the 
Bureau  of  Soils,  U.  S.  Department  of  Agriculture,  Third  Report,  1901,  p.  601. 
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On  the  other  hand,  the  Salton  6asiii  alkali  contain^s  a  considenMe 
proportion  of  useful  plant  foods,  especially  sodium  nitrate  and  pc^K- 
siuin  chiorid,  which  render  the  soils  very  fertile  to  any  plaot  whkkj 
like  the  date  palm,  can  withstand  a  considerable  percentage  of  alloij 
in  the  soil.  The  Sahara  soils  are  often  mediocre  or  poor,  and  date 
culture  suffers  in  southern  Algeria  for  the  want  of  nitrogenous  ferti- 
lizers, which  are  very  hard  to  supply  at  reasonable  prices  in  sock  a 
remote  and  sparsely  settled  country.  In  the  Salton  Basin  it  may  par, 
to  wash  the  surface  crust  down  into  the  soil  in  order  to  carry  the  nitnfe 
of  soda  down  within  reach  of  the  roots,  in  places  where  it  is  known  tbti 
there  is  little  alkali  in  the  subsoil.  For  instance,  if  a  crust  such  m 
No.  6308  of  Table  44  (p.  113),  containing  2.5  per  cent  of  its  weight  d 
nitrate  of  soda,  occurred  over  such  a  soil  as  No.  6285,  collected  near 
by,  containing  only  0.44  per  cent  of  alkali  to  a  depth  of  3  feet,  it  ii 
probable  that  the  crust  might  be  washed  down  to  the  level  of  the  roots 
of  the  date  palm  without  danger  of  their  suffering  from  any  exces  cl 
alkali.  Such  an  operation  must,  however,  always  be  carried  out  wiiik 
caution,  and  is  permissible  only  when  it  is  known  that  the  soil  is  rela- 
tively free  from  alkali,  and  that  the  amount  contained  in  the  cm^t 
would  not  suffice  to  raise  it  to  the  danger  point  for  the  date  palm  ii 
any  soil  stratum  in  which  the  roots  ramify. 

Considerable  amounts  of  potassium  chiorid  exist  in  most  of  the 
Salton  Basin  soils — probably  enough  to  suffice  for  the  needs  of  v^e- 
tation  for  a  long  time  to  come.  Besides  being  naturall}^  so  rich«  thesi 
lands  will  be  improved  by  the  deposition  of  silt^  from  the  Coloradu 
River  water  used  in  irrigating  and  from  the  addition  of  the  small 
amounts  of  nitrates  and  potash  contained  in  solution.  (Seep.  106.)  li 
particular  the  small  amount  of  phosphates  the  water  contains  is  likeij 
to  prove  very  beneficial  to  the  soils  of  the  basin,  naturally  poor  in  this 
element.  Analyses  of  the  Colorado  River  water  made  daily  for  a 
period  of  seventeen  moifths  show  that  on  the  avei'age  it  carries  13.8 
pounds  of  phosphoric  acid  in  an  acre-foot  of  water  or  55.2  pounds  in 
the  4  acre-feet  probably  needed  annually  by  a  date  plantation  when  the 
trees  are  full  grown.  What  with  the  considerable  supplies  of  nitrogeo 
and  potash  contained  in  the  alkali  of  these  soils  and  the  phosphoric 
acid  brought  by  the  river  water,  it  is  probable  that  the  date  palm  will 
show  a  most  luxuriant  growth  and  bear  heavy  crops  in  the  Salton 
Basin  without  any  fertilizers  being  needed  for  many  years,  at  least 

<ilt  miist  be  kept  in  mind  that  much  of  the  silt  is  deposited  in  the  canal  before  h 
reaches  the  land,  and  in  consequence  the  fertilizing  value  of  the  water  is  not  so  greit 
as  when  it  leaves  the  river.  (See  Means  and  Holmes,  Field  Operations  of  the  Bomo 
of  Soils,  U.  S.  Department  of  Agriculture,  Third  Report,  1901,  p.  598.) 
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(SXI>IARY  CULTtJRES  TO  FOLLOW  IN  CONNECTION   WITH   DATE  PLANTA- 
TIONS ON   ALKALINE   SOILS. 

Llthough  no  other  profitable  crop  plant  can  stand  as  much  alkali  as 
date  palm,  there  are  a  number  which  can  endure  considerable 
ounts  of  alkali  and  which  could  be  set  out  on  the  less  alkaline  parte 
the  tract  to  be  planted  or  under  the  date  palms  after  much  of  the 
5ess  of  salts  had  been  washed  out  of  the  soil  by  several  years'  irri- 
:>io]i,  accompanied  bj'^  drainage.  The  grape,  the  olive,  the  pome- 
tnate,  the  jujube,  and  the  fig  are  commonly  grown  in  the  partial 
ide  of  the  date  palm  in  the  Saharan  oases.  (See  PI.  V,  fig.  1, 
i  n.  XII.)  All  of  these  plants  can  endure  more  alkali  than  can 
>st  fruit  trees,  though  the  almond  and  pear  resist  considerable 
Lounts.  Barley  is  one  of  the  crops  that  can  stand  much  alkali,  and 
is  commonly  grown  in  winter  between  the  rows,  especially  of  young 
te  plantations.  Sorghum  is  equall}^  resistant.  Asparagus  is  found 
do  very  well  in  the  salty  soils  of  the  Oued  Rirh  country,  and  it  may 
ove  a  profitable  minor  culture.  Cotton  is  alkali-resistant  in  Egypt 
id  is  grown  in  the  oases  in  the  interior  of  the  Sahara. 
Since  a  species  of  pistache,  which  could  be  used  for  stock  on  which 
graft  the  pistache  of  commerce,  occurs  in  the  northern  Sahara, 
here  it  is  the  only  tree  that  grows  wild,  it  is  not  impossible  that  this 
loice  nut  may  be  grown  to  advantage  on  alkaline  soils.  Carobs  can 
and  the  heat  and  dry  air  of  the  desert  very  well,  yielding  fruit  valu- 
>le  for  horse  and  cattle  food  in  place  of  grain,  and  are  at  the  same 
me  very  ornamental  evergreen  shade  trees,  suitable  for  street  plant- 
ig.-  The  Casuarina,  the  Tamarix,  and  some  of  the  acacias  and  Euca- 
^pti  are  trees  well  adapted  to  endure  desert  climates.  Among  forage 
lants  the  Australian  sal tbush  deserves  first  mention,  for  it  can  endure 
ery  large  amounts  of  alkali.  Sorghum  is  another  useful  forage  plant 
Dr  such  land.  Saharan  alfalfa  will  prove  of  great  value  for  the  less 
Ikaline  soils — those  having  0.5  per  cent  of  alkali  or  less.  It  is  not 
inreasonable  to  hope  to  find  a  whole  series  of  crops  which  can  endure 
»  considerable  amount  of  alkali  in  the  soil,  and  which  will  permit  some 
iiversification  of  agriculture  even  on  the  most  alkaline  tracts  that  are 
irst  put  imder  culture  by  planting  date  palms. 

LIMITS  OF   ALKALI   RESISTANCE   OF  THE   DATE   PALM. 

It  is  naturally  of  very  great  importance  to  determine  as  nearly  as 
possible  the  limits  of  alkali  endurance  of  the  date  palm,  as  it  is  the 
most  profitable  crop  than  can  be  grown  in  very  alkaline  lands,  and  on 
large  areas  in  the  hotter  arid  regions  of  the  Southwest  it  is  the  only 
paying  crop  that  can  succeed.  A  careful  study  of  the  growth  and 
fruitfulness  of  the  date  palm  at  various  points  in  the  Sahara  desert 
shows  that  although  this  plant  can  grow  in  soils  containing  from  3  to 
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4  jK*r  (-out  of  thoir  wcitrht  of  alk^i.  it  doe>  noc  pn^liK^  fruit  unlev-hj' 
n>ot«-  rwwh  a  stratum  of  foil  where  the  alkali  ni»niont  L-*  lielow  1  pc 
cent,  and  d<x*s  not  yield  reg-ular  and  aHundant  crops  unle.-^-*  there  ar* 
layer.*?  in  the  *oil  with  leN>  than  n.ti  per  cent  of  alkali.  The  scrfctf? 
sriil  niav,  however.  Ik?  venr  much  more  sailtv,  and  maveven  he  covti^: 
with  a  thick  cnL<t  of  alkali.  It  i>  probable  that  amounts  of  albs 
Ix-low  0.5  per  cent  of  the  weight  of  the  roil  exert  no  appreck>iii 
injurious  influence  on  the  date  palm.  For  example,  in  a  flouri>hii^d^ 
]ilantHtion  at  Ourlana,  in  the  Alc^rian  Sahara, at  the  spot  >hown  in  1*1* 
X  V'll,  figure  1  (Ourlana,  station  Xo.  :2),  the  surfat*e  foot  of  soil  contai:^^ 
no  less  than  1.52  |>er  cent  of  alkali  and  was  covered  with  a  crust,  wLl 
tlH»  sufiMiil  at  2i  to  3  feet  showed  only  0.51  per  cent  of  alkali.  Tht 
wat(T  used  to  irri^rate  this  soil  contained  O.fUper  cent  of  soluble  salu 
of  which  0.40  per  cent  consisted  of  injurious  alkali.  Both  in  the  ^^c 
and  in  the  irrigation  water  the  chlorids,  very  harmful  to  most  pkiiia. 
predominated;  they  constituted  80  per  cent  of  the  alkali  in  the  sar- 
face  soil,  4<>  p(T  cent  in  the  subsoil,  and  52  per  cent  of  the  dissolrnl 
salts  in  the  water.  These  amounts  of  alkali  of  so  harmful  a  characttr. 
though  sufficient  to  prevent  the  culture  of  any-  ordinary  crop,  seemt-d 
to  ))e  entirel}^  without  influence  on  the  growth  or  yield  of  the  dak 
])alm. 

If  the  soil  at  all  depths  contains  somewhat  more  than  0.6  per  cent  ^4 
alkali  the  growth  is  slower  and  the  yield  less  than  in  better  land,  and 
wh(»re  the  alkali  content  is  everywhere  over  1  per  cent  date  paint 
do  not  bear  fruit  regularly  and  their  growth  is  very  slow.  On  tT«^ 
growing  in  the  presence  of  very  large  amounts  of  alkali  the  leafstalk? 
are  usually  of  a  pronounced  yellowish  color  instead  of  the  normal  gny 
green;"  on  such  soils  in  the  Sahara  the  only  other  vegetation  thatcaa 
exist  is  a  scanty  growth  of  samphires  and  saltbushes.  (See  PI.  XV,  tigs 
1  and  2.) 

It  nuist  be  borne  in  mind  that  the  percentages  given  above  are  for 
the  stmtuni  of  soil  containing  the  least  amount  of  alkali  and  that  the 
surface*  layi»rs  may  conttiin  very  much  more,  since  the  date  palm  has 

«  A  (liseiUMt'd  condition  of  thedate  palms  called  at  Fougala,  Algeria,  "meznoon"  (f  « 
in  azure ),  nu'aninj?  ''cnizy,"  occurs  rather  often  among  the  trees  growing  on  the 
worf*t  alkidi  B|H)t.s  and  may  })e  caused  in  some  way  by  the  presence  of  excestaw 
aniount.s  of  salino  mattei-s  in  tlie  j«oil.     The  leaves  of  such  palms  do  not  unfold  pnf- 
erly,  ]mt  renuiin  dwarfed  and  distorted,  as  is  shown  in  Plate  XV,  figure  2.    (Thi? 
ii^ure  sliows  in  tlie  fonyround  the  samphires  and  saltbushes  characteristic  of  the 
most  alkalino  soils.)    These  meznoon  palms  are  said  to  l)e  cured  in  some  cases? by 
cutting?  off  all  tlie  young  leaves  and  hollowing  out  the  bud,  as  is  done  in  making 
**la^nii"  or  palm  wine.     Wlien  the  new  leaves  push  out  some  months  later  tbrT 
are  sometimes  iKinnal.     Tlie  Aralw  sometimes  attempt  to  cure  such  trees  by  tying  the 
youn^'est  leaves  into  a  compact  l)undle.     A  somewhat  similar  disease  is  described  bf 
Miis.^elot  (Rul.  Diree.  Agrieult.  et  Comm.,  Tunis,  vol.  6  (1901),  No.  19,  p.  134) « 
oeeurring  in  the  Tunisian  Sahara,  where  it  is  called  ''boussaafa."     It  attacks  priw> 
pally  young  jmlms  and  by  preference  the  D^Iet  Noor  variety. 
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>  vory  important  peculiarit}'^  of  being  able  to  witlistand  large  amounts 
a,lk:ali  at  the  surface  of  the  ground  without  the  crown  being  injured 
sreby.  Probably  this  is  to  be  explained  bv^  the  fact  that,  like  other 
Lms,  the  date  tree  has  no  bark  and  no  delicate  cambium  layer  just 
nea.th ;  a  date  palm  may  be  cut  all  about  without  dying  when  an  ordi- 
ry  fruit  tree  so  girdled  would  perish. 

In  consequence  of  the  ability  of  the  date  palm  to  endure  great 
cumulations  of  alkali  at  the  surface  of  the  ground,  the  "  rise  of 
siali"  from  the  subsoil,  so  dreaded  b}-  growers  of  other  crops,  is  often 
►t  at  all  dangerous  to  this  plant  and  may  even  be  advantageous  in 
me  conditions,  provided  thereby  the  alkali  content  of  the  subsoil  in 
bich  the  feeding  roots  extend  is  reduced.  It  is  conceivable  that  in  the 
ilton  Basin,  California,  where,  in  consequence  of  the  very  slight  rain- 
11,  the  alkali  is  often  very  uniforaily  distributed  throughout  the  soil 
\  great  depths,  it  may  prove  desirable  to  draw  the  alkali  to  the  sur- 
ice  rather  than  to  try  to  wash  it  down  beyond  the  reach  of  the  roots 
:  the  risk  of  raising  the  level  of  the  ground  water  and  suffocating 
le  roots.  Once  accumulated  at  the  surface,  the  alkali  could  be  largely 
amoved,  as  suggested  by  Professor  Hilgard,  by  scraping  together 
ae  surface  crust  and  carrjnng  it  off  the  field.  The  diff culty  is  that  if 
y  judicious  irrigation  the  alkali  should  be  brought  to  the  surface 
roni  the  subsoil  at  a  depth  of,  say,  4  to  0  feet,  there  is  always  danger 
hat  a  subsequent  irrigation,  especially  if  followed  by  an  exceptionally 
leavy  shower,  would  bring  up  alkali  from  still  deeper  layers  of  the 
ubsoil  and  counteract  the  beneficial  influence  of  the  previous  manipula- 
ion.  The  theoretical  advantage  of  bringing  about  a  rise  of  alkali  is 
ihown  bj'  the  following  comparison  of  a  Saharan  soil  with  one  from 
;he  Salton  Basin.  In  the  Salton  Basin,  at  boring  133,  about  5  miles 
lorth  of  Imperial  (Means  and  Holmes,  Circular  9,  Bureau  of  Soils),  the 
ilkali  is,  as  usual  in  this  region,  rather  evenly  distributed  throughout 
the  soil.  In  the  Sahai-a,  at  Fougala,  Algeria  (station  No.  2),  the 
ftlkali  was  largely  accumulated  at  the  surface,  doubtless  in  part  because 
of  three  years'  irrigation,  but  also  because  the  minfall  in  this  portion 
of  the  Sahara  Desert  is  much  greater  than  in  the  Salton  Basin.  The 
following  table  shows  the  distribution  of  the  alkali  at  these  two  points: 

Tablb  45. — Distribution  of  alkali  ai  different  deptJis  in  the  Sahara  and  in  the  Salton  Bamn. 

[Alkali  expressed  in  percentage  of  weight  of  Hoil.] 


Depth. 


Surface  aoll,  1  to  12  Inches 

Subeoil,  12  to  24  inches 

Subsoil,  24  to  36  inches  (estimated  for  Fougala) 
8ubsoU,8flto48Inches 

Average,  1  to  4  feet 


Sahara 

( Fougala, 

Rtation  No. 

2). 


Salton  Ba- 
sin (boring 

No.  133. 6 
miles  north 
of  Im- 
perial). 
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Although  the  total  alkali  cont<»nt  of  the  soil  to  a  depth  of  4  ff^ti 
slightly  greater  at  the  Fougala  station  than  at  boring*  133,  the  r«i 
of  the  date  palm  would  reach  a  layer  of  subsoil  containing  only  *'J 
per  cent  of  alkali  at  Fougala,  whereas  in  the  Salton  Basin  statk*  ti 
lowest  amount  of  alkali  is  0.61  per  cent,  or  over  one-half  more  thii  i 
Fougala.  Were  the  alkali  at  boring  133  to  concentrate  at  the  soitw 
in  the  same  proportion  as  at  Fougala,  the  lower  subsoil  would  oorn'M 
something  like  0.37  per  cent  of  alkali.  However,  the  soil  at  5as:< 
feet  in  depth  at  boring  133  contains  0.58  per  cent,  which  alkali  eee 
tent  probably  continues  downward  for  many  feet,  so  that  in  order  i 
bring  alx)ut  a  diminution  of  the  alkali  content  at  any  given  deptk  i 
is  essential  that  the  soil  lying  deeper  is  not  wetted.  Whether  suiii 
operation  can  l>e  carried  out  in  practice  is  doubtful. 

The  view  outlined  above,  that  the  accumulation  of  alkali  at  the  ?c 
face  may  be  ))eneficial  to  the  date  palm  in  some  soils  but  that  sd 
accumulation  may  be  dangerous  to  the  plant  if  dislocated  by  unosod 
heavy  rains,  is  confirmed  by  the  following  remarkable  observation:' 
Vogel,  made  at  Moorzook  in  Fezzan,  in  the  interior  of  the  Saks 
Desert: 

A  heavy  rain  Ih  coiii^idered  a  great  disaster,  as  it  destroys  the  hooses  that  are  fcd 
out  of  mud,  and  also  killH  the  date  pahns  by  dissolving  the  great  quantities  of  d 
whii'li  are  contained  in  the  soil.  For  example,  about  twelve  years  ago  [in  iNil* 
a})out  12,000  date  palms  were  destroyed  in  the  vicinity  of  Moorzook  by  a  rain  wiici 
lasted  seven  davs.« 

Moorzook  is  said  to  have  no  regular  rainy  season,  though  ligii 
showei-s  occur  in  autumn.  There  is  an  abundant  supply  of  unda 
ground  water  near  the  surface.  Rohlfs  says:  "The  pahns  do  k^ 
reciuire  artificial  irrigation  [in  Fezzan],  since  the  roots  seem  to  read 
water  everywhere."^  Date  palms  are  said  not  to  be  watered  exccj 
during  the  first  six  months  after  they  are  set  out.  Under  these  coi 
ditions  a  great  accumulation  of  alkali  near  the  surface  is  to  be  expectd 
and  the  disavstrous  result  of  a  heavy  min  in  washing  the  alkali  downt 
the  level  of  the  roots  is  not  surprising. 

This  indifference  of  the  date  palm  to  surface  accumulations  of  alhi 
constitutes  one  of  its  greatest  advantages  over  other  crop  plants  fo 
culture  on  alkaline  soils. 

RESISTANCE  OF  THE   DATE   PALM  TO   CHLORIDS. 

The  date  palm  seems  to  be  resistant  to  all  kinds  of  alkali,  with  tb 
possible  exception  of  the  soluble  carbonates,  or  black  alkali.  Codudci 
salt  and  the  other  chlorids,  including  the  very  poisonous  magnesiua 
chlorid  so  injurious  to  most  cultivated  plants,  are  resisted  very  well 

«  Vogel,  FA.     In  Petermann's  Geogr.  Mitth.,  1855,  p.  250. 
^  Roise  durch  Nord-Afrika  von  Tripoli  nach  Kuka.    In   Petermann's  Geop. 
Mitth.,  Ergunzungsheft  No.  25. 
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t^he  date  palm  which  was  seen  growing  at  Chegga,  Algeria,  in  a  soil 
ining  about  0.8  per  cent  of  chlorids,  while  amounts  of  chlorids 
as  0.2  per  cent  were  apparently  entirely  without  effect  on  the 
ttio  palm  at  Ourlana,  Algeria. 

BE8ISTANCE   OP  THE   DATE   PALM  TO   SULPHATES. 

Sulphates,  such  as  Glauber's  salt  (sodium  sulphate),  are  still  less 
ijurdous  than  chlorids  to  the  date  palm,  which,  when  well  estab- 
slied,  is  able  to  withstand  enormous  amounts  of  these  salts — probably 
rom  2  to  5  per  cent.  .Roots  of  the  California  fan  palm,  which  is 
robably  no  more  resistant  to  alkali  than  the  date  palm,  were  found 
t  Palm  Springs  in  the  Salton  Basin,  California  (see  p.  112),  rami- 
ying  abundantly  in  a  layer  of  subsoil  6  feet  below  the  surface,  where 
here  was  4.62  per  cent  of  Glauber's  salt  and  0.26  per  cent  of  magne- 
ium  sulphate  present.  Allowing  0.02  per  cent  as  the  amount  of 
fypsum  (calcium  sulphate)  that  would  go  into  solution  in  the  soil 
noisture,  the  total  sulphates  would  amount  here  to  4.80  per  cent  of 
:he  weight  of  the  soil.  Even  greater  amounts  of  sulphates  were 
observed  in  the  surface  soil  at  Chegga,  Algeria,  where  they  amounted 
to  5.11  per  cent  of  the  weight  of  the  soil,  4.89  per  cent  being  Glauber's 
salt;  the  subsoil  here  contained  1.82  per  cent  of  sulphates,  which  rep- 
resents more  nearly  what  the  roots  had  to  withstand,  although  in 
addition  there  was  0.88  per  cent  of  chlorids.  It  is  clear  that,  like 
other  plants,  the  date  palm  can  resist  sulphates  much  better  than 
chlorids. 

RESISTANCE  OF  THE  DATE  PALM  TO  CARBONATES    ( BLACK   ALKALI ). 

Whether  the  date  palm  can  resist  the  dreaded  ''black  alkali,"^  the 
soluble  carbonates,  is  not  settled  as  yet,  for  none  of  the  soils  from  the 
Sahara  contained  any  appreciable  amount  of  these  very  poisonous 
salts.  At  Tempe,  Ariz.,  a  soil  obtained  from  the  vicinity  of  the 
Cooperative  Date  Garden,  where  date  palms  grow  luxuriantly,  con- 
tained some  0.06  per  cent  of  sodiumr  carbonate  in  the  surface  foot. 
Well-drained  soils  containing  an  excess  of  gypsum,  such  as  was 
obsen^ed  in  all  the  Saharan  samples,  can  not  contain  any  considerable 
amounts  of  soluble  carbonates,  for  if  any  such  salts  existed  they 
would  immediately  react  with  the  gypsum  present,  and  as  a  result 
inert  calcium  carbonate  (limestone)  and  comparatively  harmless  sodium 
'  and  potassium  sulphates  would  be  formed. 

Professor  Hilgard  has  demonstrated  the  possibility  of  reclaiming 
black  alkali  lands  by  the  application  of  sufficient  amounts  of  gypsum 

» The  name  "black  alkali"  is  applied  because  the  soluble  carbonates  change  the 
usually  gray  desert  soils  to  black,  as  a  result  of  their  action  in  dissolving  the  humus. 
In  contrast  to  black  alkali,  other  soils  are  called  "white  alkali,"  from  the  color  of 
the  surface  crusts  that  form  in  very  alkaline  spote. 
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to  decompose  the  soluble  carbonates  present  in  the  upper  layers  of  the 
soil.  It  is  not  impossible  that  the  obvious  injmy  which  results  to  the 
date  palm  from  imperfect  drainage  may  be  caused  by  soluble  carbon- 
ates, which  can  form  under  such  conditions,  even  in  the  [>resence  <rf 
gypsum.**  It  is  a  matter  of  much  importance  to  determine  the  limits 
of  resistance  of  the  date  palm  to  black  alkali,  as  to  which  it  is  now 
impossible  to  speak  with  any  certainty.*  Even  if  the  date  palm  proves 
to  be  sensitive  to  the  soluble  carbonates  it  will  nevertheless  still  be 
possible  to  engage  in  date  culture  on  black  alkali  lands  by  treating 
them  with  gypsum  and  providing  for  good  drainage. 

As  yet  no  data  are  available  for  a  study  of  the  comparative  alkdi 
resistance  of  the  different  varieties  of  the  date  palm,  but  doubtle^  & 
careful  investigation  would  show  that  there  exists  a  considerable  vari- 
ation in  this  important  character.  Marked  differences  are  known  to 
exist  among  the  diverse  sorts  of  date  palms  in  their  ability  to  endure 
cold  (see  footnote,  p.  61),  and,  as  shown  in  the  chapter  on  heat  require- 
ments, there  are  enoimous  differences  in  the  amounts  of  heat  required 
to  ripen  early  and  late  varieties;  it  is  reasonable  to  expect  similar  lack 
of  uniformity  in  their  ability  to  withstand  alkali.  The  great  impor- 
tance of  date  culture,  constituting  as  it  does  the  only  profitable  industry 
that  can  be  followed  on  very  alkaline  lands,  would  warrant  a  careful 
search  in  the  date  plantations  in  the  most  alkaline  regions  of  the  Old 
World  deserts,  in  the  hope  of  securing  varieties  still  more  resistant  to 
alkali  than  those  we  now  possess. 

The  high  degree  of  alkali  resistance  of  the  date  palm  permite 
bi*ackish  water  to  be  used  in  irrigating.  Commercial  date  plantatioiis 
of  large  extent  exist  at  Ourlana  and  at  Chegga  in  the  Algerian  !;^hara, 

aCk)lor  is  given  to  this  supposition  by  the  observation  of  Masselot  (Bui.  DItw. 
Agric.  et  Gomm.,  Tunis,  vol.  6  (1901),  No.  19,  p.  135)  that  a  disease  common  among 
young  palms,  known  as  *'Merd  el  Ghram,''  in  the  Tunisian  Sahara,  caused  by  exces- 
sive irrigation  in  badly  drained  soils,  is  accompanied  by  a  blackening  of  the  aoilabom 
the  plant.  The  palms  suffering  from  this  disease  cease  to  grow,  sicken,  and  turn  yel- 
low; they  may  be  cured  by  drainage  and  by  replacing  at  the  same  time  the  bUurk- 
ened  soil  about  the  foot  of  the  tree  with  fresh  earth.  These  symptoms  seem  to 
indicate  the  formation  of  black  alkali,  and  that  it  has  a  very  injurious  acUon  on  the 
date  palm. 

^  It  can  not  be  assumed  that  because  the  date  palm  is  enormously  resifitaDt  to 
white  alkali  it  must  necessarily  be  able  to  support  large  amounts  of  black  alkali,  for 
the  soluble  carbonates  have  a  decidedly  alkaline  reaction,  whereas  white  alkali,  in 
spite  of  its  misleading  name,  may  be  nearly  neutral  in  reaction.  It  is  well  known, 
especially  from  the  interesting  experiments  of  l^f.  II.  J.  Wheeler,  of  the  Rhode 
Island  Experiment  Station,  that  plants  differ  enormously  in  their  requirements  as  to 
soil  reaction.  Lupines,  for  instance,  are  injured  by  soils  having  an  alkaline  reactioo, 
whereas  clover,  soy  beans,  and  most  ordinary  crop  plants  of  humid  regions  are  RreallT 
harmed  by  soils  having  an  acid  reaction.  It  is  possible  that  the  date  palm  is  injoieJ 
by  soils  having  a  decidedly  alkaline  reaction,  even  if  the  amount  of  salts  in  solutioD 
in  the  soil  water  be  small. 
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which  are  irrigated  with  artesian  water  containing  0.64  per  cent  of 
dissolved  salts,  and  it  is  said  that  still  more  alkaline  well  water  con- 
taining 1  per  cent  of  salts  is  used  to  irrigate  date  palms  in  some  of  the 
other  oases.  Even  the  brine  which  seeps  through  the  alkali  soils  and 
runs  off  in  the  drains  is  used  to  water  palms  growing  at  lower  levels, 
and  in  some  plantations  no  other  water  is  available  for  irrigation  (see 
p.  98).  The  alkaline  water  from  Lake  Elsinore,  which  proved  so 
very  disastrous  to  the  oi*ange  orchards  about  Riverside,  Cal.,  con- 
tained only  from  84  to  116  grains  per  gallon,  whereas  the  water  used 
exclusively  on  the  date  plantations  at  Chegga,  Algeria,  contained 
874  grains,  and  substracting  gypsum,  250  grains  per  gallon  of  harmful 
alkali.  Water,  such  as  that  supplied  from  Lake  Elsinore  at  its  worst, 
would  be  adapted  perfectly  to  irrigate  date  palms.  Even  the  intensely 
brackish  ground  water  under  the  Salton  Basin,  which  lies  some  60  feet 
below  the  surface  at  Calexico  and  only  about  30  feet  below  at  Imperial, 
though  it  contains  some  0.4  to  0.6  per  cent  of  dissolved  salts,  and 
though  it  would  prove  fatal  to  most  crop  plants  if  brought  up  near 
the  surface  by  injudicious  irrigation,  w^ould  not  necessarily  injure  the 
date  palm.  Many  plantations  in  the  Sahara  are  irrigated  with  water 
more  alkaline  than  this.  The  chief  danger  to  the  date  palm  to  be 
apprehended  from  a  rise  of  ground  wat(M'  is  the  suffocation  of  the 
roots  because  of  imperfect  aeration  of  the  water-logged  subsoil. 

The  immense  superiority  of  the  date  palm  over  all  ordinary  crop 
plants  for  culture  in  alkaline  lands  becomes  evident  when  it  is  remem- 
bered that  all  ordinary  useful  plants,  such  as  wheat,  corn,  and  alfalfa, 
peach,  orange,  and  prune  trees,  etc.,  are  killed  by  as  much  as  0.5  or  0.6 
per  cent  of  alkali  in  the  soil,  ^  which  amount  is  entirely  without 
influence  on  the  date  palm.  The  more  resistant  crop  plants,  such  as 
barley,  sorghum,  sugar  beets,  grapevines,  olive  trees,  and  possibly 
pomegranate,  jujube,  and  pistache  trees,  are  able  to  withstand  from 
0.6  to  1  per  cent  of  alkali;  but  these  plants  are  easily  injured  by  an 
accumulation  of  the  alkali  at  the  surface,  which  is  perfectly  harmless 
to  the  date  palm.  About  the  only  crop  plant  which  can  withstand 
considerably  over  1  per  cent  of  alkali  is  the  Australian  saltbush 
{Atriplex  seinihaccata)^  and  even  this  forage  plant  can  not  endure 
nearly  as  much  alkali  as  the  date  palm — prol)abl3^  not  half  as  much. 
As  noted  on  page  115,  asparagus  is  able  to  endure  much  alkali,  though 
the  limits  of  its  resistance  have  not  yet  been  determined.  The  date 
palm  is,  then,  the  most  resistant  to  alkali  of  all  plants  now  known  cap- 
able of  commercial  culture  in  arid  regions. 

a  See  MeaiiH  and  Holmes,  Circular  No.  9,  Bureau  of  Soilp,  U.  S.  Department  of 
Agriculture,  1902,  and  other  publications  of  that  Bureau. 


122  THE   DATE    PALM. 

KEGIONS  IN  THE  UNITED  STATES  WHEBE  DATE  CXJLTX7BX  CAN 

SUCCEED. 

CALIFORNIA. 

Salton  Basin  or  Colorado  Desert  (see  Pis.  Ill,  IV,  XVIII,  fig.  1  and 
fig.  10,  p.  102). — It  is  clear,  from  what  has  preceded  in  this  bulletin, 
that  the  Salton  Basin  or  Colorado  Desert  is  not  only  the  most  promis- 
ing region  in  the  United  States,  or  in  North  America,  for  the  culture 
of  the  best  sort  of  dates,  but  that  it  is  actually  better  adapted  for  this 
profitable  culture  than  those  parts  of  the  Sahara  Desert  where  the 
best  export  dates  are  produced.  This  favored  region,  though  small 
in  comparison  with  the  vast  arid  areas  of  the  Southwest,  is  neverthe- 
less larger  than  any  one  Saharan  oasis,  probably  equaling  in  extent 
all  the  oases  in  the  western  Sahara  from  Tripoli  to  Morocco,  and  is 
capable  of  producing  all  the  dates  consumed  in  America.  Only  the  vast 
date  plantations  along  the  Valley  of  the  Shat-el-Arab,  formed  by  the 
junction  of  the  Tigris  and  Euphrates  rivers,'  near  the  head  of  the  Per- 
sian Gulf,  which  furnish  most  of  the  great  quantities  of  dates  consumed 
in  the  United  States,  are  comparable  in  extent  with  the  irrigable  por- 
tion of  the  Salton  Basin. 

The  study  of  the  life  history  of  the  date  palm  has  shown  that  in  the 
Salton  Basin  the  long,  hot  summers,  the  very  dry  atmosphere,  and  the 
almost  complete  absence  of  rain  during  the  flowering  and  ripening 
seasons  of  the  date  palm  render  the  climate  particularly  adapted  to 
the  culture  9f  the  choice  late-ripening  sorts,  such  as  the  famous  Deglet 
Noor.  At  the  same  time  the  presence  of  an  abundant  supply  of  water 
of  excellent  quality  and  the  extreme  fertility  of  the  soil  render  the 
conditions  unusually  propitious  for  the  establishment  of  this  profitable 
fruit  culture.  The  presence  of  considerable  amounts  of  alkali  in  the 
soil  has  been  shown  to  be  no  obstacle  to  the  growth  of  this  plant,  which 
is  harmed  only  by  exceptionally  large  quantities  of  alkali.  Indeed 
the  presence  of  alkali,  by  rendering  much  of  the  land  ill  fitted  or 
entirely  unsuitable  for  other  culture,  constitutes  one  of  the  most  cogent 
reasons  for  the  speedy  introduction  of  this  resistant  plant  in  order  to 
enable  all  the  lands  now  under  irrigation  to  be  put  to  profitable  aae.** 

Death  Valley  (see  map,  PI.  IV). — ^The  Death  Valley,  a  depression  in 
some  places  320  feet  below  sea  level,  situated  in  east  central  California, 
near  the  boundary  of  Nevada,  is  in  many  ways  very  like  the  Salton 
Basin,  and  may  be  considered  as  a  more  northern  extension  of  the 
same  general  conditions.  Being  some  4  degrees  (300  miles)  farther 
north  than  the  Salton  Basin,  the  winters  are  probably  much  colder, 
and  possibly  only  hardy  varieties  of  date  palms  will  succeed,  though  it 
is  probable  that  most  sorts  can  be  grown  in  certain  protected  situa- 
tions if  well  covered  in  winter  when  young.     The  summer  heat  is 

a  Since  the  alx)ve  was  written,  an  experimental  date  garden  has  been  established 
in  the  Salton  Basin  at  Mecca.     (See  footnote,  p.  110. ) 
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intense,  nearly  equaling  that  of  the  hottest  parts  of  the  Sal  ton  Basin; 
and  even  very  late  sorts,  such  as  the  Deglet  Noor,  could  mature  here 
perfectly.  There  is  almost  no  rain,  and  in  consequence  no  danger  of 
the  fruit  being  spoiled  by  wet  weather  during  the  ripening  season  in 
autumn.  Unfortunately,  there  is  almost  no  water  available  for  irriga- 
tion in  the  Death  Valley,  and  no  large  streams  occur  in  the  surround- 
ing country  which  could  be  diverted  into  this  desert.  It  is  not  known 
whether  artesian  water  underlies  this  region,  but  if  flowing  wells  could 
be  dug  it  would  be  desirable  to  make  a  thorough  test  of  the  Deglet 
Noor  and  other  first-class  late  sorts  of  dates.  The  date  palm  is  par- 
ticularly well  adapted  for  culture  in  such  regions  remote  from  rail- 
ways and  from  markets,  as  the  crop  can  be  transported  to  great 
distances  without  injury  and,  being  a  high-priced  dried  fmit,  repre- 
sents about  the  maximum  of  value,  in  proportion  to  the  weight  and 
bulk,  among  agricultural  products. 

Colorado  River  Valhy  (see  map,  PI.  IV,  and  fig.  10,  p.  102). — This 
valley,  lying  partly  in  California  and  partly  in  Arizona,  and  espe- 
cially the  flood  plain,  which  is  irrigated  and  fertilized  naturally 
by  the  annual  overflow  of  the  river  oflFers  considemble  promise 
of  being  able  to  produce  early  drying  dates  at  a  cost  low  enough  to 
enable  them  to  be  sold  in  competition  with  the  so-called  Persian  dates, 
which  are  shipped  to  our  markets  in  enonnous  quantities  from  the 
region  about  Bassorah,  near  the  head  of  the  Persian  Gulf,  and  from 
Maskat,  in  Arabia.  A  detailed  account  of  this  promising  region  is 
given  below  (p.  129),  in  treating  of  the  regions  suitable  for  date  culture 
in  Arizona. 

Plateau  region  (see  map,  PI.  IV). — This  tableland,  comprising  the 
Mohave  Desert,  sepamting  northern  from  southern  California,  would 
be  fairly  well  adapted  for  date  culture  were  it  not  for  the  fact  that 
the  winters  are  almost  ev^ery where  too  cold.  However,  in  canj^ons 
facing  southward,  where  the  cold  air  can  drain  off  at  night  to  lower 
levels,  the  hardier  varieties  may  pass  the  winters  uninjured.  From 
the  weather  records  kept  at  Keeler  and  Barstow  it  would  seem  proba- 
ble that  the  date  palm  might  succeed  in  the  vicinity  of  these  towns. 
If  any  attempt  is  made  to  grow  dates  in  this  part  of  California  atten- 
tion should  be  paid  to  the  results  of  the  experiments  in  date  culture 
made  by  the  California  Experiment  Station  at  Tulare,  where  it  was 
found  that  irrigation  in  late  summer  is  very  disastrous  to  the  date 
palm,  because  it  forces  a  late  growth,  which  is  injured  during  the  fol- 
lowing winter.  However,  all  through  the  plateau  region  the  summer 
heat  is  insufficient  to  ripen  any  but  early  sorts,  and  it  is  very  unlikely 
that  date  culture  will  prove  a  profitable  industry  in  this  part  of  Cali- 
fornia. 

Interior  Valley  region  (see  map,  PI.  IV). — ^The  largest  continuous 
area  in  California,  and  perhaps  the  largest  in  the  world  where  dates 
can  be  grown,  is  the  interior  valley  region,  comprising  the  valleys  of 
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the  Sacramento  and  San  Joaquin  rivers.  The  climate  is  here  very 
diflferent  from  that  of  the  other  regions  mentioned  above,  especially  in 
the  much  heavier  rainfall,  which  in  many  places  is  sufficient  to  permit 
the  date  palm  to  grow  without  irrigation.  As  a  result  of  this  more 
humid  climate  there  is  more  danger  of  damage  to  the  flowers  in  spring, 
and  especially  more  risk  of  losing  the  ripening  fruit  in  autumn,  in 
consequence  of  a  spell  of  wet  weather.  The  summer  season  is  nearly 
or  quite  rainless;  otherwise  date  culture  would  be  impossible. 

As  a  result  of  investigations  on  the  life  history  of  the  date  palm,  it 
is  evident  that  only  the  very  early  sorts  can  mature  their  fruit  in  this 
region,  owing  to  the  insufficient  summer  heat.  These  earliest  vari- 
eties, though  often  a  very  palatable  fruit,  suitable  for  home  consump- 
tion, are  as  a  rule  unfit  for  drying  and  for  export.  Experiments  are 
now  under  way  in  cooperation  with  the  California  Experiment  Station 
which  will  decide  in  a  few  years  whether  any  of  the  early  Saharan, 
Egyptian,  and  Arabian  sorts  suitable  for  drying  can  mature  in  this 
region. 

All  parts  of  the  San  Joaquin  and  Sacramento  River  valleys  oflfer 
about  equal  advantages  for  date  culture,  except  in  the  region  where  the 
two  rivers  unite.  This  section  lies  directly  east  and  northeast  of  San 
Pablo  and  Suisun  bays,  and  the  cold  winds  which  blow  in  from  the 
Pacific  over  San  Francisco  Bay  find  their  way  eastward  through  this 
break  in  the  coast  range,  and  thus  lower  the  summer  temperature;  it  is 
unlikely  that  any  dates  can  be  ripened  in  this  area,  which  extends 
from  Stockton  to  Sacramento  and  across  the  valley  to  the  foothills. 

The  winters  are  mild  enough  in  most  parts  of  the  interior  valley 
region  to  permit  date  palms  to  grow  without  injury,  provided  they  are 
protected  when  young.  In  some  of  the  colder  localities  only  hardy 
sorts  will  succeed,  and  at  Tulare  it  has  been  found  by  the  California 
Experiment  Station  that  several  of  the  Egyptian  sorts  imported  in 
1889  by  the  Department  of  Agriculture  are  severely  injured  by 
freezes  in  winter,  especially  if  by  late  irrigation  the  palms  had  lx>en 
kept  growing  in  late  summer  and  autumn  (see  p.  49).  In  such  cold 
localities  no  irrigation  should  be  given  after  midsummer. 

It  is  interesting  to  note  that  the  Wolfskill  date  (fig.  3,  p.  31,  and 
Yearbook,  1900,  PI.  LXII,  fig.  2),  which  grows  at  Winters  (latitude 
38°  32'  north),  about  in  the  latitude  of  Washington,  Lisbon,  Athens, 
and  Peking,  is  much  farther  north  than  any  bearing  date  palm  in  the 
Old  World,  with  the  exception  of  one  tree  at  Nice,  France  (latitude 
43°  45'  north),  which  is  probably  not  a  true  date  palm  but  a  hybrid 
between  the  date  palm  and  the  Canary  Island  palm.  There  are  other 
date  palms  still  farther  north  in  the  Sacramento  valley  which  ripen 
edible  dates,  as  for  instance  at  Colusa  and  Willows,  at  both  of  which 
points  date  palms  are  growing  which  occasionally  ripen  a  few  f ruits.* 

« The  Bee,  Annual  for  1902,  p.  3:  reported  by  Mr.  J.  M.  Silvey,  of  Willows,  and 
W.  S.  Green,  of  Ck>lusa. 
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Indeed,  the  summer  climate  at  Orland,  Corning,  Tehama,  and  Vina, 
in  latitude  40^,  seems  to  be  as  good  as  at  Winters,  and  to  be  only 
slightly  less  suitable  at  Red  BluflF  or  even  at  Redding,  latitude  40^  30', 
almost  under  Mount  Shasta.  Nowhere  else  in  the  world  are  there  any 
such  extensive  regions  north  of  latitude  35^  where  dates  can  be  grown 
successfully. 

Even  if  dates  suitable  for  drying  can  not  be  produced  here,  it  will 
certainly  be  possible  for  settlers  all  through  this  region  to  produce 
fresh  dates  for  their  own  tables,  and  it  is  quite  probable  that  these 
fresh  dates  can  be  shipped  to  the  principal  Pacific  coast  cities  without 
spoiling. 

Const  regimi  of  southern  California. — Although  the  winters  are 
never  severe  enough  to  injure  the  date  palm  and  almost  no  rain  falls 
during  summer  and  early  autumn,  it  is  nevertheless  very  improbable 
that  good  dates  can  be  grown  in  this  part  of  California,  for  the  simple 
reason  that  the  winds  which  blow  off  the  ocean  are  cold  and  humid  and 
prevent  the  summer  heat  from  being  sufficient  to  ripen  dates  for  25 
miles  or  more  from  the  coast.  It  has  been  found  that  the  date  palm 
does  occasionally  ripen  fruit  at  San  Diego  (see  PI.  XX,  fig.  1),  but 
the  plant  is  forced  entirely  out  of  its  normal  habits  by  the  very  low 
temperatures  which  prevail  here  in  spring  and  summer,  and  instead  of 
flowering  in  April,  as  it  does  in  the  Sahara,  often  does  not  open  ics 
flower  clusters  until  August,  in  which  event  the  half -grown  dates  hang 
on  the  trees  in  a  green  condition  all  through  the  winter  and  ripen  only 
during  the  following  summer.  The  date  palm  referred  to  above, 
which  ripens  its  fruit  at  Nice,  may  be  found  adapted  to  the  climate  of 
this  coast  region,  but  unfortunately  this  tree  has  not  yet  produced  any 
vigorous  offshoots  and  only  seedlings  are  available  for  testing  in  Cali- 
fornia. The  best  chance  of  securing  dates  capable  of  ripening  in  this 
region  is  by  cross  fertilizing  early  varieties  with  the  pollen  of  the 
Canary  Island  palm  {Phoenix  canarle^hsvi),  which,  being  adapted  to  the 
relatively  cool  and  humid,  though  nearly  rainless,  summer  climate  of 
these  islands,  is  able  to  mature  its  thin-pulped  and  flavorless  fruit  all 
along  the  California  coast,  even  as  far  north  as  San  Francisco.  It  is 
probable  that  the  palm  at  Nice  is  such  a  hybrid,  and  that  it  will  be  easy 
for  plant  breeders,  by  selecting  among  numerous  hybrids,  to  find  a  sort 
much  better  than  this  chance  seedling. 

NEVADA. 

It  is  probable  that  the  date  palm  ma}^  be  fruited  successfully  in  some 
of  the  protected  valleys  in  southern  Nevada;  early  sorts  are,  indeed, 
almost  certain  to  succeed  in  the  valley  of  the  Colorado  River  wherever 
there  is  any  land  that  can  be  planted.  The  actual  flood  plain,  being 
both  higher  in  altitude  and  farther  north  than  in  California  and  Arizona, 
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may  prove  to  be  too  cold  in  winter  for  any  but  hardy  sorts,  and,  as 
noted  below  (p.  132),  the  annual  inundation  with  cold  water  will  pre- 
vent the  ripening  of  any  but  the  earliest  sorts.  At  higher  altitude  in 
southern  Nevada  the  summers  are  hotter,  and  even  midseason  or  late 
sorts  can  be  grown  if  they  can  withstand  the  winter  cold.  For  exam- 
ple, at  St.  Thomas,  in  the  valley  of  the  Virgin  River,  at  an  altitude  of 
1,600  feet,  the  summers  are  hotter  than  at  Phoenix,  in  the  Salt  River 
Valley,  Arizona,  but  the  winters  are  colder,  the  thermometer  falling 
as  low  as  11^  F.  in  January,  1899 — a  temperature  which  is  likely  to 
kill  young  palms  and  injure  old  ones.  It  is  not  impossible  that  there 
may  be  warm  situations  in  the  Pahrump  Valley  and  in  Ash  Meadows, 
in  southwestern  Nevada,  though  in  the  absence  of  meteorolo^cal 
records  it  is  impossible  to  speak  with  certainty,  and  it  is  probable  that 
the  winters  are  almost  everywhere  too  cold  in  these  valleys  to  permit 
dates  to  be  grown.  Hardy  late  sorts  of  dates  would  be  very  desira- 
ble for  culture  in  southern  Nevada,  and  it  is  probable  that  such  could 
be  found  in  the  oases  of  Persia,  where  the  winter  cold  is  sometimes  so 
severe  as  to  injure  or  even  kill  old  date  palms,  although  the  summer 
heat  is  intense.  Inasmuch  as  such  sorts  would  be  of  great  value  for 
culture  not  only  here  but  also  in  southwestern  Texas  and  in  some  parts 
of  California,  it  would  seem  advisable  to  make  a  thorough  search  in  the 
Persian  oases  as  soon  as  possible  and  to  secure  the  best  varieties  for 
trial  in  America. 

ARIZONA. 

As  has  been  explained  above  (p.  61),  in  treating  of  the  drainage  of 
cold  air  and  the  inversion  of  temperature  in  relation  to  date  culture, 
the  earlier  varieties  will  probably  succeed  in  some  parts  of  Arizona 
lying  as  high  as  5,000  feet  above  sea  level,  and  medium  or  late  sorts 
in  most  parts  below  an  altitude  of  2,000  feet,  except  where  there  is  a 
marked  drainage  of  cold  air  from  some  higher  level.  This  area  lying 
below  2,000  feet  in  altitude  would  include  the  whole  of  southwestern 
Arizona,  with  an  arm  running  up  the  Gila  River,  and  also  extending 
up  the  Salt  and  Verde  rivers,  and  another  extending  along  the  CJolo- 
rado  river  northward,  passing  up  the  tributary  called  Bill  Williams 
River,  and  reaching  ag  far  north  in  the  Grand  Canyon  as  the  Hualapai 
Indian  Reservation."  This  portion  of  Arizona  lying  below  the  2,000- 
foot  contour  line  forms  on  the  map  the  shape  of  a  capital  L  with  a 
very  thick  horizontal  limb.  It  must  not  be  supposed,  however,  that 
any  large  part  of  the  20,000  or  more  square  miles  included  in  the  area 
above  limited  will  ever  be  planted  to  date  palms  or  to  any  other  fruit 
trees,  since  most  of  this  area  is  without  adequate  water  to  carry  on 
agriculture.  The  irrigable  areas  along  the  Gila  River  and  its  tribu- 
taries, especially  the  Salt  River  Valley,  the  Upper  Gila  Valley  from 
Florence  westward  to  the  Estrella  Mountains,  and  finally  the  valley  of 
the  lower  Gila,  especially  about  Gila  Bend,  are  the  localities  best 
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adapted  to  the  culture  of  the  date  palm.  The  whole  of  the  valley  of 
the  CJolorado,  so  far  as  it  is  irrigable,  and  especially  the  flood  plain 
naturally  irrigated  by  seepage  from  the  river  and  by  the  annual  over- 
flow, is  also  adapted  to  the  culture  of  the  date  palm,  but  probably 
only  the  earlier  varieties  will  succeed.  Of  the  regions  just  mentioned, 
only  two  are  now  furnished  with  a  sufficient  supply  of  water  to  ren- 
der date  culture  possible  on  any  large  scale.  These  are  the  Salt  River 
Valley  from  Mesa  westward  to  Peoria,  and  the  flood  plain  of  the  Colo- 
rado River.  Wherever  small  amounts  of  water  are  available  in  the 
other  valleys  they  could  be  utilized  for  irrigating  date  palms,  which. 
would  undoubtedly  succeed,  and  it  is  probable  that  in  the  future,  with 
increased  facilities  for  irrigation,-  the  upper  and  lower  valleys  of  the 
Gila  will  prove  especialh'^  suited  to  this  culture. 

There  is  a  region  in  south  central  Arizona,  lying  to  the  south  of  the 
Casa  Grande  ruins,  where  there  are  said  to  be  thousands  of  acres  cov- 
ered with  a  heavy  growth  of  mesquite  tree>s  {Prosopus  velutimis?)  and 
where  water  is  found  at  a  depth  of  from  20  to  30  feet  below  the  sur- 
face. It  is  not  impossible  that  if  date  palms  were  irrigated  in  this 
region  when  young,  they  might  be  able  to  grow  without  irrigation 
after  the  roots  reached  moisture.  At  any  rate,  both  here  and  else- 
where, where  a  heavy  growth  of  mesquite  occurs  and  where  there  are 
indications  of  underground  water  near  the  surface,  it  would  be  desir- 
able to  make  trial  plantations  of  the  date  palm. 

Salt  River  VaUey. — This  fertile  region,  which  is  one  of  the  largest 
of  the  irrigated  valleys  in  the  Southwest,  is  situated  in  central  Ari- 
zona (latitude  33^  25').  Its  principal  towns  are  Phoenix,  Tempe,  and 
Mesa.  As  has  already  been  mentioned,  the  date  palms  planted  by  the 
earlier  settlers  have  been  strikingly  successful  (see  Yearbook,  1900, 
PI.  LVII);  in  fact,  it  is  no  exaggeration  to  say  that  there  are  more 
bearing  date  palms  producing  fruit  of  good  quality  in  the  Salt  River 
Valley  tlian  in  all  the  rest  of  the  United  States.  The  Cooperative 
Date  Grarden  at  Tempe  (see  Pis.  XXI  and  XXII)  on  June  15, 1902,  had 
on  hand  (including  a  few  palms  at  the  experiment  station  farm  at  Phoe- 
nix) 556  trees,  belonging  to  81  varieties.  Besides  these  81  imported 
varieties,  there  are  a  number  of  seedling  sorts  of  merit  which  have 
originated  in  the  Salt  River  Valley,  so  that  in  all  there  are  probably 
nearly  100  distinct  varieties  of  date  palms  now  on  trial  in  this  valley.* 
Prof.  James  W.  Toumey,  while  connected  with  the  University  of  Ari- 
zona, investigated  the  whole  subject  of  the  culture  of  the  date  palm  in 
the  United  States  and  brought  out  very  clearly  in  a  bulletin*  published 
in  June,  1898,  the  fact  that  in  these  regions  only  had  the  plants  imported 

fl  Forbes,  R.  H.  Thirteenth  Annual  Report,  Arizona  Experiment  Station,  1902, 
p.  244. 

ftToomey,  W.  J.  The  Date  Palm,  UniversFty  of  Arizona,  Arizona  Agricultural 
Experi.'nent  Station,  Bulletin  No.  29,  Tucson,  Ariz.,  June,  1898. 
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by  the  Department  of  Agriculture  in  1889  and  1890  grown  rapidlj 
and  produced  good  fruit  abundantly.  This  bulletin  was  the  first 
important  study  of  the  date  palm  published  in  America,  and  it  did 
much  to  attract  attention  to  the  possibility  of  establishing  date  cul- 
ture as  a  profitable  industry  in  the  Southwest. 

Although  there  are  many  regions  in  California,  and  some  in  Ari- 
zona, where  the  summer  temperatures  are  higher  than  they  are  in  the 
Salt  River  Valley,  the  onl}*^  considerable  area  of  land  under  irrigation 
where  the  climate  is  more  favorable  to  the  date  palm  is  the  Salton 
Basin  in  California.  It  may  be  stated  that  date  culture  is  no  longer 
an  experiment  in  the  Salt  River  Valle3^  It  is,  however,  not  yet  cer- 
tain that  the  Doglet  Noor  variety,  which  brings  the  highest  price  in 
the  market,  will  come  to  full  maturity  here.  It  is  to  be  hoped  that  it 
will,  and  the  outlook  is  not  without  promise  (see  p.  68).  If  this  \'ari- 
et}^  does  ripen  properly,  there  can  be  but  little  question  that  it  will  be 
profitable  to  plant  it  on  the  best  lands  in  the  valley  and  to  irrigate  it 
abundantly.  The  question  as  to  whether  the  Deglet  Noor  can  mature 
its  fruits  in  central  Arizona  will  be  settled  within  a  very  few  years  bv 
the  experiments  now  in  progress  at  Tempe,  in  this  valley  (see  PI.  XXII). 

In  case  the  Deglet  Noor  does  not  succeed  in  this  valley,  the  effort 
should  be  made  to  produce  a  date  intermediate  in  quality  between  the 
Deglet  Noor  and  the  ordinary  dates  sold  in  bulk  in  this  country.  Such 
a  good  second-class  date  would  compete  with  the  selected  Bassorah  and 
Maskat  dates  for  household  uses  and  take  the  place  of  Deglet  Noor 
dates  to  some  extent  for  use  as  a  dessert  fruit.  Owing  to  the  nearness 
to  markets,  the  Salt  River  Valley  dates  could  be  sold  while  still  fresh 
and  need  not  be  deformed  by  the  close  packing  needful  to  presence 
the  oriental  dates  from  drying  out  or  from  spoiling  while  en  i-oute  to 
America. 

The  collection  of  varieties  at  the  Cooperative  Date  Garden  at  Tempe 
is  by  far  the  most  complete  in  the  world,  since  it  comprises  the  best 
known  varieties  from  the  Algerian  Saham,  from  Egypt,  and  from  the 
regions  about  Bassorah  and  Maskat,  where  most  of  the  dates  imported 
into  America  are  produced,  as  well  as  a  large  collection  of  varieties 
from  the  Pangh  Ghur  region  in  Baluchistan.  Together  with  the  seed- 
lings that  have  originated  in  the  valley  and  the  sorts  growing  at  the 
experiment  station  farm  at  Phoenix,  there  are  something  over  90 
named  varieties  now  on  trial  in  the  Salt  River  Valley.  It  is  very 
probable  that  some  of  these  will  prove  to  be  adapted  for  profitable 
culture  in  this  valley,  even  if  the  Deglet  Noor  can  not  mature. 

There  are  several  seedling  dates  that  have  originated  in  the  Salt 
River  Valley  in  Arizona  which  promise  to  be  valuable.  One  of  the 
best  of  these  is  the  Lount  No.  6.  It  is  small,  being  rather  smaller  than 
the  Wolf  skill  date,  but  of  very  good  texture,  of  clear  amber  color  when 
dried,  and  of  fairly  good  flavor.  The  Kales  date  and  the  Bennet  date 
(fig.  4,  p.  32)  are  seedlings  of  considerable  merit,  also  growing  near 
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rhoenix,  Ariz.  In  addition,  there  are  several  other  seedling  varieties 
of  considerable  value  which  have  already  fruited  in  central  Arizona, 
some  of  which  may  prove  adapted  to  culture  on  a  large  scale. 

Two  of  the  varieties  introduced  from  Egypt  by  the  Department  of 
Agriculture  in  1890  have  been  fruiting  for  some  time  at  Phoenix,  Ariz. 
In  1900  one  of  the  sorts,  the  Amreeyah,  bore  over  300  pounds  (see 
Yearbook,  1900,  PI.  LXII,  fig.  1),  while  another,  the  Seewah,  bore 
over  200  pounds.  These  dates  were  packed  in  half-pound  boxes,  and 
rrof .  A.  J.  McClatchie  writes  that  they  sold  readily  for  20  cents  a  box 
i^holesale  and  25  cents  retail,  and  there  was  a  demand  in  the  local  mar- 
ket for  ten  times  the  quantity  that  could  be  furnished.  The  Seewah 
in  particular  is  a  very  promising  date  for  culture  in  the  Salt  River 
Valley,  in  Professor  McClatchie's  opinion,  as  it  is  fairly  early  and  of 
excellent  quality. 

Although  a  good  second-class  date  could  doubtless  be  grown  with 
profit  on  the  best  fruit  land,  it  is  probable  that  this  culture  will  be 
undertaken  first  on  .lands  too  alkaline  to  be  safe  for  other  crops.  Some 
of  the  low-lying  alkali  lands,  especially  near  the  date  garden  at  Tempe, 
have  water  rising  to  within  a  few  feet  of  the  surface,  which  seeps  down 
from  the  surrounding  irrigated  fields  lying  at  higher  levels.  Date 
palms,  when  once  established,  will  grow  in  such  situations  without 
any  irrigation  at  all,  though  they  will  grow  better  and  yield  more 
fruit  if  occasionally  irrigated  from  the  surface  with  pure  water  from 
the  canals. 

Colorado  River  Valley  (see  fig.  10,  p.  102). — The  valley  of  the  Colo- 
rado River,  lying  partly  in  Arizona  and  partly  in  California,  comprises 
two  adjoining  though  difl'erent  situations  where  the  culture  of  date 
palms  is  possible,  viz,  the  flood-plain  of  the  river  and  the  mesa  lands 
lying  above  the  high-water  mark  not  subject  to  inundation. 

The  immediate  flood-plain  is  flat  and  only  a  few  feet  (10  to  15)  above 
the  low- water  mark.  It  is  in  some  places  so  narrow  as  to  be  only  a 
strip  along  the  bank,  while  below  Yuma  and  again  farther  north  in  the 
Colorado  River  Indian  Reservation,  it  is  often  several  miles  in  width 
and  is  covered  with  a  luxuriant  growth  of  willows.  The  flood-plain  is 
subject  to  annual  inundation  from  the  Colorado  River,  which  overflows 
its  banks  every  year,  like  the  Nile  in  Egypt,  when  the  summer  heat 
melts  the  snows  on  the  high  mountains  at  the  headwaters  of  the  river 
in  Colorado  and  Utah.  The  retiring  flood  waters  leave  a  thick  deposit 
of  mud,  which  renders  the  soil  exceedingly  fertile." 

«In  1899  the  writer  saw  a  dense  growth  of  5  to  6  year  old  willow  trees  being  cut 
for  cord  wood.  The  trees  were  25  to  35  feet  in  height  and  from  6  to  10  inches  in 
diameter  near  the  ground.  Any  possible  doubts  aa  to  the  accuracy  of  the  determina- 
tion of  the  age  of  these  trees,  which  yfs»  made  by  counting  the  annual  rings  of  growth, 
were  dispelled  by  the  evidence  of  a  woodman,  who  asserted  that  some  five  years 
before  all  trees  of  any  considerable  size  had  been  cut  from  this  tract  of  land. 

13529— No.  63—04 9 
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The  position  of  the  larger  bodies  of  easily  irri^ble  land  lying  along 
the  CJolorado  River  is  shown  in  fig.  10,  p.  102.  The  crons-hatched  areas 
in  this  figure  along  the  river  indicate  low-lying  lands,  and  are  more 
extensive  than  the  flood-plain  proper,  although  in  very  high  flood  most 
of  the  areas  marked  on  the  map  would  be  overflowed.  All  these  lands 
are  easily  irrigable  without  expensive  diversion  works,  which  would 
be  necessary  were  the  water  to  be  conducted  to  the  mesas  overlooking 
the  Colorado.  The  land  comprised  in  these  areas  amounts  to  some  800 
square  miles,^  distributed  as  follows: 

Square  ixiQeL 

Cottonwood  Valley  in  Nevada  and  Arizona 14 

Mohave  Valley  in  Nevada,  California,  and  Arizona IfiO 

The  small  valleys  near  the  junction  of  the  Bill  Williams  River 56 

The  great  Colorado  Valley  in  California  and  Arizona 382 

The  valley  in  California  and  Arizona  just  above  the  junction  of  the  Gila  River 

at  Yuma SO 

The  valley  on  the  right  bank  of  the  river  below  Yuma  in  Arizona 108 

There  is  a  large  area  of  similar  land  in  Mexico  along  the  Ck>lorfiulo 
River,  as  may  be  seen  from  the  sketch  map,  fig.  10,  p.  1 02. 

Recent  detailed  surveys  made  by  the  Hydrographic  Office  of  the 
Geological  Survey  ^  show  that  there  are  between  400,000  and  500,000 
acres  of  irrigable  land  in  the  valley  of  the  Colorado  River  between 
Fort  Mohave  and  Yuma,  and  there  are  in  addition  large  areas  of  land 
in  Arizona  below  Yuma  already  irrigated,  while  still  more  can  be  put 
under  water  at  slight  expense.  The  flood-plain  proper,  naturally  irri- 
gated by  the  annual  overflow  of  the  river,  does  not  comprise  so  exten- 
sive an  area,  but  nevertheless  embraces  several  hundred  square  miles 
of  the  very  richest  of  these  exuberantly  fertile  alluvial  soils. 

Of  the  100  square  miles  (63,469  acres)  surveyed  in  1902  in  the  CJolo- 
rado River  Valley  south  of  Yuma,  Ariz.,  Holmes  says:  ''About  75  per 
cent  of  the  lands  of  the  valley  are  overflowed  and  a  layer  of  sediment 
added  to  the  soil  each  year.  The  deposition  has  been  much  greater 
near  the  present  stream  bed  than  farther  back,  so  that  the  lands 
immediately  bordering  the  stream  are  higher  and  covered  by  only  a 
few  inches  of  water  during  the  flood  season,  while  those  farther  back 
may  in  places  stand  under  7  or  8  feet  of  water. "^ 

The  land  near  the  river  is  usually  nearly  free  from  alkali,  which 
occurs  chiefly  "just  above  the  high-water  line  of  present  overflow, 
where  evaporation  from  the  surface  has  taken  place  without  any  sur- 
face flooding,  showing   plainly  that  the  alkali  is  the  result  of  the 

«  An  estimate  of  700  square  miles  is  made  by  Whipple,  Pac.  Ry.  Rept.,  vol.  3, 
Pt  I,  pp.  40-41,  to  include  the  lands  from  Fort  Mohave  to  Yuma. 

^Lippencott,  J.  B.,  and  Davis,  Arthur  P.  Colorado  River  Division  in  Arid  I^nd 
Reclamation  Service,  First  Annual  Report,  1903,  pp.  106-125. 

c  Holmes,  J.  Garnett.  Soil  Survey  of  the  Yuma  Area,  Arizona.  In  Field  Oper- 
ations of  the  Bureau  of  Soils,  Fourth  Report,  1902,  p.  781. 
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>i*ation  of  the  river  water.  Other  alkali  areas  are  found  along 
oot  of  the  bluflf,  being  caused  by  a  small  amount  of  seepage  from 
igh  lands  above. "'' 

regard  to  the  control  of  the  overflow  water,  which  is  the  problem 
•st  importance  in  all  ordinary  agriculture,  Holmes  says:  "Until 
¥ater  is  effectually  in  hand  no  farming  worthy  of  the  name  can  be 
To  control  the  overflow  it  will  be  necessary  to  construct  a  dike 
vee  along  the  river,  to  connect  with  the  mesa  land  below,  of  such 
tit  and  strength  as  to  keep  out  the  river.  As  has  been  previously 
d,  the  ground  water  of  the  valley  rises  and  falls  with  the  river, 
some  places  are  now  overflowed  6  to  8  feet.  The  confining  of  the 
:  would  cause  it  to  rise  higher  in  the  channel,  so  that  the  ground 
r  over  the  present  overflowed  part  of  the  valley  would  have  sev- 
f eet  of  head,  thus  bringing  it  near  to  or  above  the  surface.  This 
Id  necessitate  the  installation  of  a  drainage  system,  with  a  pump- 
plant  at  the  lower  end  of  the  valley  to  lift  the  water  above  the 
B  and  back  into  the  river.  This  leveeing  and  draining  would  be 
^nsive,  but  since  the  subsoil  is  usually  quite  porous  the  drains 
I  not  be  close  together,  and  the  natural  fertility  of  the  soil, 
ther  with  the  advantages  of  abundant  water  and  almost  tropical 
ate,  would  certainly  make  such  reclamation  a  paying  investment."* 
it  is  found,  as  now  seems  probable,  that  the  date  palm  can  be 
ivn  on  the  lands  subject  to  overflow  without  artificial  irrigation  and 
lout  any  such  expensive  system  of  levees  and  of  drainage  by  pump- 
then  it  will  doubtless  be  possible  to  grow  dates  here  as  cheaply 
1  the  Bassorah  region,  where  likewise  no  hand  labor  is  necessary 
arry  out  irrigation  when  once  the  canals  have  been  dug.  ^ 
he  luxuriant  growth  and  abundant  fruiting  of  the  seedling  date 
ns  (PL  XX,  fig.  2)  grown  by  Mr.  Hall  Hanlon  in  the  flood«plain 
le  miles  west  of  Yuma,  on  the  California  side,  show  that,  in  some 
568  at  least,  the  seepage  from  the  river,  which  goes  on  throughout 
year,  and  the  thorough  soaking  which  the  land  receives  at  the 
e  of  the  annual  overflow,  render  irrigation  unnecessary.  The 
osit  of  mud  left  by  the  flood  waters  suffices  to  maintain  the  fertility 
the  soil  and  renders  any  manuring  superfluous. 
Jthough  the  meteorological  records  kept  for  several  decades  at 
[ua,  Ariz.,  on  the  banks  of  the  Colorado  River,  show  the  summer 
aate  to  be  nearly  as  hot  as  at  Phoenix,  in  the  Salt  River  Valley 
3Ugh  much  cooler  than  in  the  Salton  Basin),  the  dates  planted  by 
.  Hanlon  usually  fail  to  mature  and  must  be  ripened  artificially, 
was  mentioned  above,  on  page  50,  this  failure  to  mature  the  fruit 

Holmes,  J.  Garnett,  Soil  Survery  of  the  Yuma  Area,  Arizona,  1902,  p.  786. 
Holmes,  J.  Gamett,  1.  c,  p.  791. 

Fairchild,  D.  G.  Bulletin  54,  Bureau  of  Plant  Industry,  U.  S.  Department  of 
iculture,  p.  1^. 
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is  probably  due  in  part  at  least  to  the  lowering  of  the  temperaton 
of  the  soil  about  the  roots  ^  and  of  the  air  about  the  leaves  bv  the 
overflow  of  cold  water  from  the  melting  snows  of  the  Rocky  Moun- 
tains. This  annual  flood  occurs  in  the  midst  of  the  hot  sea&K)n.  usuaUr 
early  in  June,  and  the  waters  remain  on  the  land  for  several  weeks. 

Early  sorts  of  dates,  such  as  the  Rhars  and  Teddala,  undoubtedly  will 
succeed  in  this  favored  region,  which  has  many  advantages  for  this 
culture.  The  land  is  irrigated  and  fertilized  naturally,  the  dry  air 
favors  the  ripening  of  fruit  of  a  good  quality,  the  very  low  rainf&D 
in  spring  and  autumn  permits  the  date  palm  to  flower  and  ripen  \u 
fruit  unhindered  by  bad  weather,  and  the  winters  are  so  mild  that  no 
injury  by  cold  is  to  be  apprehended  after  the  young  palms  have  once 
taken  root. 

The  date  palm  has  a  great  advantage  over  other  fruit  trees  for 
culture  in  the  flood  plain,  in  that,  when  once  established,  it  can  resist 
the  erosive  force  of  the  flood  waters  without  being  injured  or  losing 
its  crop  of  fruit.  There  are  thousands  of  acres  of  this  land  in  Cali- 
fornia and  Arizona  now  lying  waste  which  could  be  utilized  for  this 
profitable  culture  if  a  variety  of  date  palm  could  be  found  which  pro- 
duces early  ripening  fruit  fit  for  drying,  and  which  is  adapted  to  the 
soil  and  climatic  conditions  of  this  region.  Indeed,  the  chance  to 
secure  exuberantly  fertile  lands,  requiring  no  irrigation,  at  low 
prices,  gives  this  flood-plain  great  economic  advantages  over  other 
regions  for  the  production  of  an  ordinary  or  second-class  date,  such  as 
those  that  are  now  imported  into  this  countiy  in  enormous  quantities 
from  the  somewhat  similar  region  about  Bassorah,  in  the  valie3-  of  the 
Shat-el-Arab  at  the  head  of  the  Pei*sian  Gulf,  and  from  Maskat.  No 
fewer  than  9,000  tons  of  these  dates  were  imported  in  1901,  so  the 
market  is  practically  unlimited,  provided  the  cost  of  production  can 
be  kept  down  to  a  point  permitting  competition  with  the  oriental 
dates.  The  date  producer  in  the  Colorado  River  Valley  would  have 
the  great  advantage  over  his  Bassorah  rivals  of  enormously  greater 
proximity,  both  in  distance  and  in  time,  to  the  great  markets  in  the 
interior  of  the  United  States. 

The  prospect  for  successful  culture  in  this  region  of  the  ordinary 
dried  dates,  one  of  the  staples  of  the  fruit  trade,  is  so  good  as  to  war- 
rant making  a  careful  search  in  the  Old  World  date  countries  for 
suitable  sorts  to  grow  here.  Fortunately,  the  Department  of  Agri- 
culture has  already  secured  and  has  growing  in  the  Cooperative  Lhite 
Garden  at  Tempe,  Ariz. ,  many  of  the  early -maturing  sorts  of  dates 
from  the  Algerian  Sahara,  as  well  as  from  the  valley  of  the  Nile  in 
Egypt  and  the  valley  of  the  Shat-el-Arab  at  Bassorah,  the  two  latter 
regions  having  climatic  and  soil  conditions  somewhat  resembling  those 

<i  As  shown  on  p.  49,  warm  irrigation  water  is  very  advantageous  in  date  cultm«. 
Doabtleas  the  date  pabn  is  as  sensitive  to  the  soil  temperature  as  to  the  air  temperature. 


DATE   CULTUBE   IN   KEW   MEXICO.  183 

>f  the  Colorado  River  Valley.  In  addition,  the  varieties  from  the 
sland  of  Djerba,  off  the  coast  of  Tunis,  where  only  early  sorts  can 
aature,  as  well  as  the  manj'^  early  kinds  reported  from  the  Tunisian 
Sahara,  should  be  secured  for  trial.  Possibly  other  sorts  of  value 
tould  be  found  among  the  multitudes  of  seedling  date  palms  growing 
n  the  valleys  of  the  Indus  and  its  tributaries  in  the  Punjab,  in  India. 
On  the  higher  lands  along  the  valley  of  the  Colorado  the  conditions 
ire  very  different  from  those  described  above,  for,  lying  alx)ve  the 
lood-plain,  these  lands  are  not  subject  to  annual  overflow  and  con- 
lequently  there  is  no  lowering  of  the  summer  temj^erature  by  the  cold 
lood  waters.  The  meteorological  records  kept  at  Yuma,  Ariz.,  near 
the  Mexican  boundary,  and  at  Needles,  Cal.,  near  the  Nevada  bound- 
ary, indicate  that  midseason  and  even  late  sorts,  including  possibly 
the  Deglet  Noor,  may  be  expected  to  mature  fully  in  this  region.^  So 
there  is  a  good  prospect  for  successful  date  culture  wherever  it  is 
possible  to  irrigate  the  land. 

NEW  MEXICO. 

All  of  New  Mexico  is  over  2,500  feet  above  the  sea  level,  and  nine- 
tenths  of  its  area  is  above  4,000  feet  in  altitude.     In  consequence  the 
w^inters  are  almost  everywhere  too  cold  to  permit  the  culture  of  any 
but  hardy  sorts  of  the  date  palm,  and  the  summer  heat  is  inadequate  to 
ripen  any  but  the  earliest  varieties.     The  winters  are  much  too  cold  for 
the  date  palm  in  the  principal  irrigated  regions,  the  valleys  of  the  Rio 
Gi'ande  and  the  .Pecos  rivers,  where  this  plant  would  be  very  useful 
for  planting  on  alkali  lands.     From  a  study  of  the  meteorological  rec- 
ords, it  would  seem  that  La  Paz,  at  4,836  feet  altitude,  in  south  central 
New  Mexico,  near  the  Sacramento  Mountains,  has  the  most  promising 
climate  for  date  culture.     The  next  best  climatic  region  is  found  in 
the  valleys  of  the  Gila  and  Rio  Mimbres,  in  the  southwastern  corner 
of  the  Territoiy.     This  latter  region  is  of  considerable  extent,  but 
unfortunately  the  winters  are  usually  so  cold  that  young  palms  would 
be  injured  if  not  protected.     During  the  cold  wave  of  1899  the  tem- 
perature fell  below  7°  F.  at  all  the  stations  where  records  are  kept, 
except  at  Gage,  altitude  4,480  feet,  where  the  record  shows  a  minimum 
temperature  of  only  16^^  F. 

Very  early  sorts  of  date  palms  capable  of  withstanding  much  cold 
are  needed  for  trial  in  New  Mexico.  Such  sorts  are  most  likely  to  be 
found  in  the  oases  of  Persia,  especially  in  those  which  from  their  high 
altitude  or  northern  position  have  a  very  cold  winter  climate.  The 
northern  Sahara,  though  it  contains  early  varieties  suitable  for  culture 
in  the  interior  valley  region  in  California  and  in  the  Coloi'ado  River 

«Prof.  R.  H.  Forbes  is  strongly  of  the  opinion  that  the  Deglet  Noor  date  will  ripen 
in  the  Colorado  River  Valley  about  Mellen  and  Fort  Mohave,  Ariz.,  where  the 
climate  is  exceptionally  hot.     (Letter  to  the  author,  dated  Tucson,  March  1,  1904.) 
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flood  plain,  where  the  winters  are  comparatively  mild,  is  unlikely  to 
yield  sortd  suitable  for  New  Mexico  or  for  the  plateau  region  of  Cili- 
fornia,  where  hardiness  is  indispensable,  for  the  reason  that  in  tk 
northern  Sahara,  even  in  oases  lying  at  high  altitudes,  the  winter  cli- 
mate is  comparatively  mild  and  equable. 

TEXAS. 

Only  the  extreme  southwestern  part  of  Texas,  bordering  the  Rio 
Grande  from  the  mouth  of  the  Pecos  River  to  near  Brownsville,  is 
adapted  to  the  culture  of  the  date  palm.  Throughout  the  eastern  half 
of  the  State  and  in  a  strip  along  the  Gulf  coast,  down  to  the  Mexicao 
boundary,  the  climate  is  too  hmnid  and  the  summers  are  too  oool  to 
ripen  the  fruit  properly,  while  in  all  the  northern  part  of  the  State. 
above  San  Antonio  (latitude  30^  north),  the  winters  are  too  cold  to 
permit  the  date  palm  to  grow  out  of  doors  without  protection.  In  the 
region  lying  south  and  west  of  San  Antonio,  between  the  humid  Gulf 
coast  and  the  Bio  Grande,  the  summers  are  hot  enough  to  mature 
even  the  medium  or  late  varieties  of  dates.  Fort  Mcintosh,  in  Webb 
County,  at  460  feet  altitude,  has  a  summer  temperature  somewhat 
higher  for  the  months  from  May  to  September,  inclusive,  than  at 
Phoenix,  Ariz.  The  rainfall  averages  in  this  region  only  about  10 
inches,  and  the  late  summer  is  usually  dry  enough  to  permit  dates 
to  ripen;  irrigation  would  usually  be  necessary.  Ordinarily  the 
winters  are  not  severe  enough  to  injure  the  date  palm  if  protected 
when  young,  though  this  part  of  the  State  is  occasionally  exposed  to 
"northers,"  during  which  the  temperature  sometimes  falls  very  low. 
In  February,  1899,  for  example,  it  fell  to  7^  F.  or  below  all  over  the 
region  where  the  date  could  be  grown,  and  this  temperature  would 
doubtless  injure  or  kill  even  old  date  palms.  Such  low  temperatures 
are,  however,  very  exceptional,  and  the  date  should  be  tested  in  this 
part  of  Texas  wherever  water  can  be  obtained  for  irrigation. 

Midseason  and  late  varieties,  resistant  to  winter  cold,  which  are 
needed  here  and  in  southern  Nevada,  are  most  likely  to  be  found  in 
the  depressions  in  the  Persian  plateau,  where  the  sununer  heat  is 
intense  and,  at  the  same  time,  the  winters  are  rigorous.  There  is 
much  less  chance  of  finding  hardy  sorts  in  the  Sahara,  where  the  win- 
ters are  mild,  especially  in  low  altitudes,  whei'e  alone  there  is  sufBcient 
summer  heat  to  ripen  late  varieties. 

NO  DAKQEB  FBOM  MEZIGAK  COMPETITION  IN  DATE  OTTIiTTTBS. 

The  date  palm  was  introduced  into  Mexico  soon  after  the  conquest, 
probably  by  means  of  seeds  brought  from  Spain  by  the  missionaries. 
Some  of  the  palms  in  Sonora  and  Lower  California  are  very  old  and 
have  reached  great  height.  A  group  of  such  old  trees  is  shown  in  the 
frontispiece.     They  were  growing  at  Hermosillo,  only  150  miles  south 
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of  the  United  States  boundary,  where  the  climate  is  not  very  unlike 
that  of  the  hot  valleys  of  Arizona.  There  are  extensive  date  planta- 
tions in  Lower  California,  especially  in  the  central  part  of  the  penin- 
sula, and  considerable  quantities  of  dates,  packed  in  rawhide  bags,  are 
shipped  from  here  to  the  cities  of  Mexico,  and  some  even  as  far  as 
jALrizona  and  California.  According  to  the  statistics  published  by  the 
Mexican  Government,  Lower  California  produced  137,300  kilograms 
(about  300,000  pounds)  of  dates  in  1897,  worth  10,845  Mexican  dollars. 
In  1898  the  production  amounted  only  to  32,486  kilograms. 

It  might  be  supposed  that  northwestern  Mexico  would  be  better 
adapted  for  growing  dates  than  the  Southwestern  States,  since  date 
culture  in  Sonora  and  Lower  California  has  long  ago  passed  the 
experimental  stage  end  is  a  well-established  industry.     Furthermore, 
in  these  regions  there  is  no  danger  of  young  palms  being  injured  by 
-winter  cold,  while  from  the  latitude,  some  5  degrees  south  of  the 
Salton  Basin,  the  summer  heat  might  be  expected  to  exceed  that  of  the 
hottest  deserts  of  California  and  Arizona.     As  a  matter  of  fact,  how- 
ever, the  absence  of  high  mountain  ranges  and  the  proximity  to  the 
Pacific  Ocean  and  to  the  Gulf  of  California  permit  the  sea  winds  to 
sweep  more  or  less  freely  over  this  whole  region,  thereby  so  reducing 
the  temperature  and  increasing  the  humidity  that  late  sorts  of  dates 
ahnost  everywhere  fail  to  mature  on  the  tree  and  must  be  ripened 
artificially.^ 

Nowhere  in  Mexico  is  there  any  region  comparable  to  the  Salton  Basin, 
in  California,  a  depression  below  the  sea  level,  surrounded  on  two  sides 
by  high  mountain  ranges  which  form  an  eflfective  barrier  to  the  cold, 
humid  winds  from  the  ocean.  *    Adding  to  these  climatic  advantages, 
the  abundance  and  cheapness  of  the  water  suppl}',  and  the  greater  prox- 
imity to  markets,  it  becomes  evident  that  American  growers  of  first- 
class  dates  have  no  need  to  fear  Mexican  competition.      Even  the 
growers  of  second-class  and  ordinary  dates  have  little  cause  for  alarm, 
for  everywhere  in  Mexico  date  culture  is  carried  on  in  the  most  primi- 
tive manner,  seedlings  being  everywhere  grown  and  the  propagation  of 
superior  varieties  by  offshoots  nearly  or  quite  unknown.     At  present 
the  inferior  and  badly  packed  seedling  dates  produced  in  Mexico  are 
the  poorest  that  reach  our  markets,  and  are  of  no  importance  what- 
ever. 


«  By  expoeore  to  the  sun  (iiiring  the  hot  part  of  the  day  and  storing  indoors  wrapped 
up  in  blankets  at  night.  (Observations  of  Prof.  R.  H.  Forbes  in  Lower  California, 
commonicated  verbally  to  the  writer,  1902.     See  p.  29. ) 

^Except  possibly  Maquata  Basin,  a  region  below  sea  level  around  the  Laguna 
Maqaata  (see  fig.  10,  p.  102) ,  in  1x3 wer  California,  just  south  of  the  )x)undary  line,  which 
may  some  day  rival  the  Salton  Basin  as  a  date-producing  region,  as  it  can  be  irrigated 
from  the  Hardy  River  and  is  protected  by  mountain  ranges  on  nearly  all  sides.  It 
would  be  very  desirable  to  explore  more  fully  this  interesting  region,  which,  though 
adjoining  our  boundary,  is  one  of  the  least  known  areas  in  North  America. 
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In  view  of  the  great  number  of  seedling  dates  that  occur  in  Lower; 
California  and  Sonora,  it  is  probable  that  there  are  among  them  some 
valuable  sorts  which  should  be  found  and  introduced  into  Arizona  for 
trial.  Unfortunately  the  older  trees,  whose  value  is  best  known,  have 
long  ago  ceased  to  produce  offshoots,  so  that  such  sorts  can  not  be  pro- 
pagated. 

PKOFITS  OF  DATE  CTTLTUBB. 

Wherever  the  Deglet  Noor  and  other  choice  late  varieties  of  dates 
can  be  grown  date  culture  will  be  exceedingly  profitable.  In  a  region 
like  the  Salton  Basin,  California,  where  the  winters  are  never  cold 
enough  to  harm  seriously  old  date  palms,  where  the  spring  and 
autumn  seasons  are  practically  rainless,  pi^eventing  injury  to  the 
flowers  or  to  the  ripening  fruits,  and,  above  all,  where  the  summer? 
are  always  hot  enough  to  insure  the  perfect  ripening  of  the  fruit,  the 
certainty  of  a  crop  is  almost  absolute,  especially  as  the  land  is  very 
fertile  and  the  irrigation  water  of  good  quality. 

The  average  yield  of  a  Deglet  Noor  date  palm  is  variously  put  at 
from  88  to  132  pounds.  Counting  only  75  pounds  to  a  tree,  the  yield 
per  acre  would  be  4,500  pounds  if  the  trees  were  planted  at  the  usual 
distance  of  26^  feet.  Such  dates,  even  of  the  second  grade,  sell  on 
our  markets  at  from  35  to  50  cents  a  pound  at  retail  when  packed  in 
fancy  boxes,  and  would  bring  probably  one-quarter  as  much  in  bulk  at 
wholesale,  or  from  8  to  12  cents  a  pound,  especially  as  they  would  ripen 
in  the  Salton  Basin  early  enough  for  the  Holiday  markets.  Allow- 
ing 10  per  cent  for  loss  in  packing,  there  would  still  be  4,000  pounds 
of  dates  to  the  acre.  Of  this  crop  about  1,000  pounds  would  be  of  the 
first  grade  (see  p.  35),  worth,  say,  10  cents  a  pound  at  wholesale; 
1,300  pounds  would  be  second  grade,  such  as  now  reach  our  markets 
packed  in  three-quarter  pound  paper  boxes,  worth  about  Si  cents  a 
pound,  and  the  remaining  1,700  pounds  would  be  third-class  dates,  to 
be  sold  in  bulk  at,  say,  2i  cents  a  pound,  or  in  all  some  $250  worth 
from  one  acre.  The  care  required  by  the  date  palm  is  much  less  than 
that  necessary  for  any  other  fruit  tree,  and  the  fruit  cures  naturally 
on  the  tree  and  can  be  gathered  quickly  and  easily  by  cutting  off  a 
whole  bunch  at  a  time.  It  is  probable,  therefore,  that  $100  per  acre 
would  cover  all  the  fixed  expenses  of  an  orchard  of  Deglet  Noor 
palms  in  full  bearing,  leaving  a  profit  of  some  $150  per  acre. 

Offshoots  bear  fair  crops  of  fruit  from  three  to  five  years"  after 
being  planted,  which  is  but  little,  if  any,  longer  than  many  other  fruit 
trees,  such  as  the  orange,  fig,  pear,  etc.,  require  to  reach  fruiting  age. 
The  date  palm  comes  into  full  bearing  from  eight  to  twelve  years  after 
being  planted,  and  lives  to  a  much  greater  age  than  hny  other  fruit 

« A  proof  of  the  ability  of  a  date  offshoot  to  fruit  abundantly  at  an  early  age  is 
afforded  by  the  Deglet  Noor  offshoot  shown  in  Plate  XXII,  which  was  set  out  at 
Tempe,  Ariz.,  in  July,  1900,  and  which  when  photographed  in  Augost,  1903,  just 
three  years  and  one  month  later,  bore  three  fair-sized  bunches  of  fruit. 
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ree,  bearing  profitable  crops  even  when  a  century  or  more  old.  No 
txpensive  pruning  is  required  by  this  fruit  tree,  and  it  is  remarkably 
'xee  from  diseases  and  injurious  insect  pests.  The  amount  of  labor 
■equired  in  a  date  plantation  is  very  much  less  than  for  most  other 
■ruit  culture,  and  this  constitutes  a  great  advantage  in  its  culture, 
especially  in  desert  regions,  where  labor  is  scarce  and  high  priced. 
The  fruit  does  not  ripen  suddenly  and  need  immediate  care,  but  may 
>ften  be  left  on  the  tree  for  a  week  or  two  after  it  matures  without 
[>eing  injured. 

It  would  be  difficult  to  imagine  a  fruit  better  adapted  for  growing 
in  the  Salton  Basin  than  the  choice  late  varieties  of  the  date,  and  at 
the  same  time  a  culture  better  suited  to  the  needs  of  the  country. 

Although  not  oflfering  promise  of  being  so  unusually  lucrative  as  the 
culture  of  the  Deglet  Noor  dates,  the  production  of  good  second-class 
dates,  comparable  with  the  best  grades  of  so-called  Persian  dates,  may 
nevertheless  prove  to  be  a  paying  industry,  yielding  profits  equal  to 
those  given  by  other  fruit  cultures.  The  Salt  River  Valley  in  Ari- 
zona, which  may  be  warm  enough  to  permit  the  culture  of  even  the 
Deglet  Noor  dates,  can  certainly  produce  the  best  grade  of  second-class 
dates,  suitable  for  household  use  and  serving  as  a  substitute  for  Deglet 
Noor  dates  for  dessert  fruit  or  for  use  in  confectionery.  The  American 
growers  will  have  the  great  advantage  over  their  rivals  in  the  Persian 
Gulf  region  of  much  greater  proximity  to  the  centers  of  consumption, 
which  will  enable  them  to  put  their  crop  on  the  market  earlier  in  the 
season  and  in  fresher  condition.^ 

Even  the  growmg  of  ordinary  dates,  like  those  sold  in  bulk  at  the 
fruit  stands,  may  prove  a  paying  culture  if  carried  on  on  an  extensive 
scale  where  land  and  irrigation  water  are  cheap.  Being  packed 
tightly  together  in  boxes  holding  a  hundred  pounds  or  so,  the  labor  of 
preparing  them  for  market  is  much  less  than  for  the  finer  dates, 
which  must  be  arranged  carefully  in  small  boxes  to  prevent  the  fruit 
from  being  crushed  or  deformed  by  mutual  pressure.  The  flood-plain 
of  the  Colorado  River  in  California  and  Arizona,  where  land  that  is 
.  naturally  irrigated  and  fertilized  by  the  annual  overflow  of  the  river 
can  be  had  cheaply,  oflfers  promise  of  being  suited  for  the  profitable 
culture  of  such  ordinary  dates. 

^Another  great  advantage  of  American-grown  dates  will  be  their  superior  clean- 
linesfl.  Fairchild  says  (Persian  Gulf  Dates,  p.  29),  in  r^ard  to  the  ordinary  Persian 
dates  of  our  fruit  stands,  "the  stories  which  one  hears  in  the  r^ion  of  the  conditions 
in  the  packing  sheds  and  the  personal  uncleanliness  of  the  men,  women,  and  children 
who  put  up  the  dates  are  enough  to  disgust  a  sensitive  person  and  to  prevent  his 
ever  eating  packed  dates  again  without  having  them  washed.  No  old  inhabitant 
thinks  of  eating  a  date  without  first  thoroughly  washing  it  in  a  glass  of  water,  unless 
the  cook  has  prepared  it  beforehand,  and  the  sale  of  dates  in  America  might  fall  off 
decidedly  were  it  generally  known  how  intimately  the  unwashed  hands,  bodic^n,  and 
teeth  of  the  notably  filthy  Arabs  often  come  in  contact  with  the  dates  which  are  sold 
by  every  confectioner." 
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EXTENT  OF  THE  MARKET. 


The  enormous  quantities  of  dates  imported  into  this  country  even- 
year  are  a  measure  of  the  extent  of  the  market  for  the  cheaper  grades 
of  this  fruit.  The  average  value  of  the  imports  of  dates  was  ^J2,T6:f 
per  annum  for  the  ten  years  ended  June  30,  1900,  and  the  followin<: 
table  gives  the  quantities  and  values  of  imports  during  the  last  five 
years,  almost  entirely  from  Bassorah  and  Maskat: 

Table  46. — QuantUies  and  values  of  dates  imported  into  the  United  SUxte^^ 


Year  ended  June  30— 


1897 
1898 
1899 
1900 
1901 


Pounds. 

DoUan. 

11.847.279 

284,066 

13,561,434 

371.S9C> 

12,943,a» 

S2t.«? 

19,902.512 

4io.se 

18,434.917 

372.40: 

1  Yearbook,  Department  of  A^culture,  1901. 

The  value  per  pound  is  very  low  for  these  common  dates,  amounting 
to  2.06  cents  in  1900  and  2.02  cents  in  1901.  These  values  are  those 
invoiced  at  the  port  of  export,  and  the  dates  probably  sell  at  wholesale 
for  at  least  50  per  cent  more  at  the  receiving  port.^ 

Even  at  these  prices  it  is  probable  that  date  culture  would  be  profita- 
ble if  varieties  that  yield  abundantly  and  regularly  were  planted  on 
rich,  naturally  irrigated  lands,  and  it  is  evident  that  the  market  is 
practically  unlimited  if  the  cost  of  production  can  be  kept  low  enough 
to  permit  competition  with  the  oriental  dates. 

There  exists  already  a  large  market  for  a  date  of  superior  quality, 
suitable  for  household  uses  and  for  employment  in  confectionery, 
while  the  demand  for  the  finest  grades  of  Saharan  Deglet  Noor  dates 
far  exceeds  the  supply  even  when  they  are  sold  for  more  than  selected 
Smyrna  figs.  American  orders  for  a  quarter  of  a  million  pounds  have 
been  refused  by  the  Algerian  producers  because  the  supply  barely 
suffices  for  the  European  demand.  The  consumption  of  these  deli- 
cious dates  is  certain  to  increase  as  their  merits  become  better  known; 
they  reach  the  same  class  of  consumers  as  Smyrna  figs,  and  like  them 
can  be  served  as  a  dessert  fruit  which  can  be  eaten  without  soilinsr  the 
fingers.  At  somewhat  lower  prices  a  practically  unlimited  market 
would  exist  for  Deglet  Noor  dates,  and  the  American  grower  would 
have  the  great  advantage  over  his  rivals  in  the  Sahara  of  being  able  to 
gather  the  crop  in  abundant  time  for  the  Holiday  trade. 

■       - 

«Thu8  Mr.  E.  W.  Maslin  shows  that  while  the  average  invoiced  valae  of  figs 
imported  into  the  United  States  is  5.7  cents  a  pound,  the  prices  brought  by  these  figs 
at  auction  sales  in  New  York  City  range  from  9  to  28  or  30  cents  a  pound.  ( See  Eisen, 
GL,  The  Fig,  Bulletin  9,  Division  of  Pomology,  U.  S.  Dept  of  Agriculture,  p.  289.) 
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XBCPOBTANCE   OF   IiIFE  HISTOBY   INVESTIQATIONS   IK   DEMON- 
STBATINQ  THE  FEASIBILITY  OF  DATE  OTTLTTTBE. 

The  importance  of  a  detailed  study  of  the  climatic  and  soil  require- 
ments of  the  date  palm  is  clearly  shown  in  treating  of  the  regions  in 
the  United  States  adapted  to  its  culture,  as  well  as  in  the  discussion  of 
the  heat  requirements  and  of  the  alkali  resistance  of  this  remarkable 
plant.  No  other  crop  plant  can  withstand  so  much  alkali  in  the  soil 
or  in  the  irrigation  water,  and  tens  of  thousands  of  acres  of  alkali  lands 
in  the  irrigated  areas  in  the  Southwest  can  be  reclaimed  and  put  to 
profit  only  by  growing  dates.  This  renders  it  of  the  greatest  impor- 
tance to  determine  the  extreme  geographical  limits  of  the  regions 
^where  dates  can  be  produced  with  profit  in  order  that  this  invaluable 
plant  may  be  utilized  on  alkali  lands  wherever  possible. 

Not  only  is  it  possible  as  a  result  of  life  history  investigations  to 
indicate  with  some  degree  of  precision  the  regions  where  dates  can  be 
grown,  but  also  to  predict  the  types  of  varieties  which  alone  can 
succeed  in  each  region,  and  further,  to  indicate  in  which  of  the  date- 
growing  countries  of  the  Old  World  such  types  can  most  likely  be 
secured.  For  example,  in  order  to  secure  hardy  late-ripening  sorts 
able  to  withstand  the  winter  cold  in  Texas  and  southern  Nevada, 
search  should  be  made  in  the  oases  of  central  Persia,  near  the 
northern  limit  of  date  culture,  where  the  winters  are  so  severe  that 
even  old,  bearing  palms  are  sometimes  killed,  but  where  the  summers 
are  nevertheless  very  hot.  North  Africa  on  the  contrary,  is  the  least 
promising  region  to  search  for  such  sorts  because  of  the  mildness 
and  equability  of  the  winter  climate,  even  in  the  oases  situated  on  the 
slopes  of  the  Atlas  Mountains  limiting  the  Sahara  to  the  north. 
On  the  other  hand,  early  maturing  sorts,  suitable  for  culture  in  the 
interior  valley  region  of  California  and  in  the  flood-plain  of  the 
Colorado  River  in  Arizona  and  California,  where  the  winters  are 
relatively  mild  and  the  sunmier  heat  deficient,  are  most  likely  to  be 
secured  in  just  these  oases  on  the  slopes  of  the  Atlas  Mountains, 
though  such  varieties  may  be  expected  to  occur  in  oases  at  high 
altitudes  in  the  interior  of  the  Sahara  and  in  Arabia.  Choice  late 
sorts  of  date  palms,  suitable  for  culture  in  the  hotter  valleys  of 
Arizona  and  in  the  Salton  Basin,  California,  are  most  likely  to  be 
found  in  the  oa^es  at  low  altitudes  in  the  interior  of  the  deserts  of 
Sahara,  Arabia,  and  Persia. 

It  is  also  possible,  from  a  study  of  the  life-history  factors  of  the  date 
palm,  to  warn  intending  planters  against  attempting  its  culture  in 
regions  where  it  can  not  succeed.  Thus  it  becomes  possible  to  estab- 
lish a  new  fruit  industry  in  a  i*ational  manner  without  having  to  await 
the  tardy  results  of  costly  and  often  badly  conducted  trials  made  with- 
out adequate  foreknowledge  of  the  requirements  of  the  plant.  Such 
trials  often  lead  to  elusive  hopes  on  the  one  hand  and  to  unjust 
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condemnations  on  the  other.  To  attempt  to  produce  dates  in  Florida  or 
in  the  coast  region  of  California  because  the  date  palm  grows  well  there, 
would  be  to  commit  a  capital  error,  for  no  marketable  dat^s  can  be 
produced  in  climates  so  humid  as  that  of  Florida  or  so  cool  sl»  that  of 
the  California  coast.  To  try  to  grow  drying  dates  of  the  ordinary  mid- 
season  or  late  sorts  in  the  interior  valley  region  of  California  because 
the  Wolfskin  date  palm  at  Winters  produces  ever^'  year  a  good  crop 
of  palatable  dates  would  be  an  error  almost  as  disastrous,  because 
onl}^  very  early  sorts,  for  the  most  part  unsuited  for  drying  or  for 
export,  can  be  matured  in  this  region. 

It  is  confidently  to  be  expected  that  in  a  few  3'ear8  this  new  branch 
of  biologic  and  economic  science  which  concerns  itself  with  the  deter- 
mination of  the  exact  requirements  of  crop  plants  as  to  climate  and 
soil,  and  with  the  finding  of  the  limits  of  their  powers  to  resist  unfa- 
vorable influences  such  as  cold,  excessive  heat,  drought,  alkali,  violent 
winds,  etc.,  along  with  a  vstudyof  the  cultural  requirements  and  market 
conditions  of  the  new  industry,  will  become  so  well  known  and  its  value 
so  well  recognized  that  it  will  become  a  comparatively  easy  matter  to 
enlist  the  necessary  capital  and  skill  in  a  new  culture  when  once  detailed 
life  history  investigations  have  furnished  a  sound  basis  for  judgment 
as  to  the  chances  of  its  proving  a  financial  success  in  any  given  region. 
After  such  studies  have  been  made,  or  during  their  progress,  a  few 
carefully  planned  demonstrations  in  suitable  localities  conducted  by 
the  Department  of  Agriculture,  the  State  experiment  stations,  or  in 
cooperation  with  skillful  planters  will  take  the  place  of  haphazard 
testing  by  experimenters,  and  of  the  usually  indecisive  and  often  enor- 
mously expensive  trials  by  private  growers. 

Millions  of  dollars  have  been  thrown  away  in  attempts  to  grow  crop 
plants  in  regions  where  a  properly  carried  out  life  history  investiga- 
tion would  have  shown  that  there  was  no  hope  of  success.  Unfounded 
inflation  of  values  of  agricultural  lands,  and  the  rush  into  new  cultures 
in  unsuitable  regions  by  whole  communities  at  a  time  as  the  result  of 
a ''boom,"  could  largely  be  avoided  were  it  possible  to  furnish  the 
would-be  planter  with  a  black-and-white  statement  of  the  necessities 
of  the  crop  plants  under  discussion,  whereby  he  would  be  able  to 
question  intelligently  whether  the  region  were  adapted  to  the  pro- 
posed cultures. 

At  present  it  is  no  exaggeration  to  state  that  the  life  history  require- 
ments and  the  limits  of  the  power  to  resist  unfavorable  environmental 
conditions  are  far  better  known  for  many  microscopic  lower  plants, 
such  as  bacteria,  fungi,  and  algae,  even  for  species  having  no  economic 
importance,  than  for  the  most  important  crop  plants  whose  culture 
provides  employment  for  tens  of  millions,  and  whose  products  consti- 
tute the  daily  food  of  hundreds  of  millions  of  human  beings.  Such  a 
condition  is  discreditable  alike  to  biological  and  to  agricultuml  science 
and  should  not  longer  continue. 
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SITMMABY. 

The  date  palm  can  endure  any  degree  of  heat  and  any  amount  of 
dryness  in  the  air,  and  is  even  favored  by  hot  winds  and  by  a  rainless 
summer.  The  best  sorts  can  mature  only  in  regions  having  a  very 
long  and  very  hot  growing  season. 

It  can  endure  more  alkali  in  the  soil  than  any  other  profitable  crop 
plant  and  can  thrive  on  soils  containing  from  0.5  to  1  per  cent  of 
alkali,  even  when  irrigated  with  brackish  water  containing  0.43  per 
cent  (430  parts  per  100,000)  or  more  of  injurious  alkali.  It  can  with- 
stand without  injury  accumulations  of  alkali  at  the  surface  of  the  soil 
that  would  kill  all  other  crop  plants,  even  those  considered  to  be  very 
resistant  to  alkali. 

The  choicest  date  that  reaches  America  and  Europe,  the  famous 
Deglet  Noor  of  the  Algerian  and  Tunisian  Sahara,  is  very  sweet,  of 
exquisite  flavor,  and  is  adapted  to  serve  as  a  dessert  fruit;  it  sells  for 
more  than  Smyrna  figs,  being  the  most  expensive  dried  fruit  on  our 
markets.  The  demand  for  these  dates  during  the  holidays  is  never- 
theless greater  than  the  supply,  and  if  they  could  be  sold  somewhat 
cheaper  the  consumption  of  this  fruit  would  be  enormous. 

The  Salton  Basin  or  Colorado  Desert,  in  southeastern  California, 
recently  put  under  irrigation,  has  a  hotter  and  drier  summer  climate 
than  the  Algerian  and  Tunisian  Sahara,  where  the  best  gi'ades  of 
Deglet  Noor  dates  are  grown,  and  is,  indeed,  better  adapted  to  the  cul- 
ture of  this  fruit,  since  not  only  is  the  climate  more  favorable  but  the 
soils  are  richer  and  the  irrigation  water  is  of  better  quality. 

The  date  palm  will  prove  of  equal  value  on  the  more  alkaline  areas 
of  other  arid  regions  in  the  Southwestern  States  where  the  winters  are 
warm  enough  to  permit  it  to  grow.  Most  regions  do  not  have  suffi- 
cient summer  heat  to  mature  the  Deglet  Noor  date,  and  other  soils 
which  ripen  earlier  must  be  planted. 

It  is  very  probable  that  the  culture  of  the  best  second-class  dates, 
suitable  for  employment  in  confectionery  and  for  household  uses,  will 
prove  a  profitable  industry  in  the  Salt  River  Valley,  Arizona,  and  it  is 
possible  that  the  Deglet  Noor  variety  may»  mature  there. 

Even  the  growing  of  ordinary  sorts,  such  as  the  oriental  dates, 
which  are  imported  into  this  country  in  enormous  quantities,  may  pay 
in  some  favored  regions,  such  as  the  flood-plain  of  the  Colorado  River 
in  Arizona  and  California,  where  exuberantly  fertile  lands  can  be  had 
cheaply,  and  where  the  annual  overflow  and  seepage  from  the  river 
render  artificial  irrigation  unnecessary. 

Although  date  palms  are  likely  to  be  grown  first  on  soils  too  alka- 
line for  other  crops,  the  culture  of  the  finer  sorts  promises  to  be  a  most 
profitable  fruit  industry  that  would  warrant  planting  on  the  very  best 
lands  and  the  employment  of  the  most  modern  horticultural  methods. 
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trees  grow  under  the  palms;  arid  hills  form  the  backgroand;  December,  1SS9. 
Fig.  3. — Fan  palm,  showing  persistent  dead  leaves  clothing  the  trunk,  near  Ittiim, 
Cal.  Fig.  4. — Group  of  fan  palms  growing  wild  in  a  dry  ravine  near  Indio,  CaL 
November,  1899.     Negatives  by  the  author. 

Plate  XX.  Fig.  1. — Old  date  palms  growing  at  San  Diego^  Miasion,  near  i«B 
Diego,  Cal.  Negative  by  Park  &  Co.,  Los  Angeles.  Fig.  2. — Seedling  dtkte  palo, 
showing  bunches  of  nearly  ripe  fruit,  growing  without  artificial  irrigatioD  in  the 
flood-plain  of  the  Colorado  Rivef ,  near  Yuma,  Ariz. ;  planted  by  Mr.  Hall  Han- 
Ion  (who  stands  beneath),  November,  1899.     Negative  by  the  author. 

Plate  XXL  View  in  Cooperative  Date  Orchard  at  Tempe,  Ariz.,  showing  growth 
made  in  two  years  by  oSshoots  imported  from  North  Africa  in  1900.  Photo- 
graphed December  31,  1902,  by  Prof.  R.  H.  Forbes. 

Plate  XXII.  Three-year-old  Deglet  Noor  date  palm  in  fruit,  growing  in  the  Coop- 
erative Date  Orchard  at  Tempe,  Ariz.,  from  an  offshoot  imported  from  the  Sahaii 
Desert  in  July,  1900.     Photographed  August  27,  1903,  by  W.  W.  Skinner. 
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FiQ.  1.— Native  Garoenehs  i  Rouahai  at  Ourlana,  Algeria,  Preparing 
Date  Offshoots  fofi  Shipment  bv  Camel  Back. 
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Fw.  1.— Floweb  Cluster  of  Male  Date 
Palm  Just  Emerged  from  Sheath  and 
Letting  pollen  Escape. 


Fia  3.— Male  and  Female  Flowers  of  the  Date  Palm,  Magnified. 
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Male  Flowers  Being  Inserted. 
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Deglet  Nooh  Dates  Packed  fob  the  Retail  Trade. 


Date  Palms  GnawiNo  ik 


I 


J.  s.  o.pi.  o(  Agricuih.li.  Plate  XV. 


Between  Cheooa  and 


) 


1  I'i3i*rtf)rr  U-  S    Dept    of  Agncu  ftji 


Plate  XXIi. 


THREE-vEifi-OLD  Deolet  Noor  Date  Palm  in  Fbuit,  Orowino  in  the  Cooperative 
Date  Orchard  at  Tempe.  Ariz.,  from  an  Offshoot  Imported  from  the  Sahaaa 
Desert  in  July,  igoo.    Photographed  August.  1903. 
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character  of  male  dates 2L 

cooperative  date  garden,  notes 41 ,  12f 

date  culture,  probable  success 126-133 

prospects 1^ 

dates  to  be  secured 38 

varieties,  very  large  collection  at  date  garden 128 

early  importation  of  dates 41 

j^rowin^  of  dates,  present. 32, 12^129 

insuflaciency  of  heat  for  seedling  dates,  note IS 

notable  vieids  of  dates 26 

numl)er  of  male  date  palnw,  note Zi 

peculiarity  of  cold  air  drainage  in  relation  to  date 6J 

profits  of  date  culture,  estimates 137 

rainfall,  records 53,  55, 56. 57 

ripening  of  Deglet  Noor  date,  doubtfulness 67 

Salt  River  Valley,  alkali  character,  remarks 101 

in  relation  to  date  culture 99-101 

second  importation  of  date  offshoots 42 

seedling  dates  of  value 32, 12S-129 

summer  temperatures,  sum 66 

Tempe  and  Salt  River  Valley,  drainage  j)roblem 51 

introduction  of  Dakar  male  date  palm .        24 

planting  of  Deglet  Noor  dates 35 

temperature  variations 59, 60 

temperatures,  mean  and  mean  maximum,  sums 66, 6S 

University,  establishment  of  date  garden 41 

warmth  of  water  in  irrigation  of  dates 49 

Yuma,  climatic  peculiarities,  relation  to  date  growing bO 

Artesian  wells  in  Salton  Basin,  proposed  use  for  irrigation Ill 

irrigation  in  Algeria,  remarks;  analysis  of  water 90, 91 

of  date  palms 121 

use  in  irrigation  of  date  in  Sahara,  notes 44, 45, 79, 82, 84 

warm  wat«r  for  irrigation  of  dates 49 

Assyrians,  cultivation  and  use  of  dates 18 

discovery  of  pollination  of  dates 2»> 

Atriplex  semihaccata,  saltbush,  resistance  to  alkali 121 

Bagdad,  dates  of  promise  for  United  States 39-40 

Baluchistan,  dates  and  date  region 37 

Barley  as  crop  in  alkaline  soil  in  date  orchard 23 

resistance  to  alkali,  note 115 

Barrows,  David  P. ,  remarks  on  Colorado  desert 103 

Bassorah,  date  exports,  notes ' 38 

soil  and  cultivation 109 

Bearing  age  of  date  palms,  discussion;  note 25, 136 

continuance,  of  date  palm 26 
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Ben  Chabat,  Arab,  remark  on  distance  apart  in  planting  date  palms 22 

Bent  Keballadate,  notes 32,37 

Bennet  date,  notes 32,128 

Biskra,  Algeria,  alkali  conditions  in  relation  to  date  culture;  clay  soils 76, 77 

date  r^ion,  temperature  curves 63-64 

evaporation  records;  irrigation  practice 46, 47 

Black  alkali.    See  Alkali. 

Blooming  of  date  trees,  season  and  manner  {see  also  Flowering) 16, 27, 54 

Botanical  relations  and  characters  of  date  palm 14-16 

*  *  Boussaafa*'  or  "Meznoon"  disease  of  date  from  alkali 116 

Bri^s,  L.  J.,  devising  of  instrument  for  determining  soil  moisture 75 

BuHals  date,  note 39 

Bad  of  date  palm,  importance 14 

Burton,  Pilgrimage  to  Mecca,  remarks  on  dates 40 

Calcium  sulphate  and  chlorid,  relations  in  soil  water  of  Sahara 74 

Calexico,  outlook  for  date  growing,  notes 104, 108 

California  and  Arizona,  rainfall  and  irrigation  {see  also  Salton  Basin) 49 

date  culture,  probable  success 122-125 

fig  growing,  remarks 14 

Lower  (Mexico),  date  production 135 

peculiarity  of  cold-air  drainage  in  relation  to  date  culture 61 

Salton  Basin,  conditions  favorable  to  date  growing 12 

seedling  datc«,  experiments 20 

Camels,  relation  to  date  culture  in  Sahara 17 

Canary  Island  palm,  possible  use  in  hjrbridizing 125 

Caxbonates  in  Salton  Basin  soil,  showing  of  analyses 112, 113 

soil  in  Arizona  as  shown  in  analysis 100 

resistance  of  date  palm 119 

Ch^ga,  Algeria,  comparison  of  soil  and  water  with  Ourlana,  Algeria 95 

Chlorids  in  Salton  Basin  soils 112,113,114 

soil  in  Arizona,  as  shown  in  analyses 100 

maximum  and  injury,  in  Sahara,  note 87 

resistance  of  date  palm 118 

Clay  soil,  alkali,  effect  on  date  palm 109 

soils,  use  for  dates,  notes 77, 108, 109 

Climate,  California,  relation  to  date  culture 122-125 

conditions  favorable  for  date  growing,  notes 11 

for  date  palm,  humidity 52-58 

sunshine  and  heat 58-70 

summary 141 

for  date  palm,  ideal 56 

hot  summer,  advantages  for  date  growing 63-70 

of  Salton  Basin,  remarks 112 

Coachilla  date,  seedling,  description 31 

Coast  region,  southern  California  date  culture,  chances  of  success 125 

Cold,  effect  on  date  {see  also  Climate,  Temperature) 21,  49,  59,  60,  61,  133 

Colorado  Desert.    See  Salton  Basin. 

Riverflood,  effects 50,103,105,129 

peculiar  climatic  conditions,  relations  to  date  growing 50 

quality  of  water,  remarks 105,  106 

Valley,  date  culture,  probable  success 123,  129-133 

Yuma,  similarity  in  alkali  to  Sahara 87 

Cook,  O.  F.,  rei)ort  of  dates  in  Morocco  and  Liberia 39, 97 

su^estion  as  to  use  of  dry  dates 31 

Crop  plants,  resistance  to  alkali,  limit,  note 121 

Crops,  garden  and  field,  in  vacant  space  in  date  orchard 22 

with  dates  on  alkali  soils,  remarks 115 

Cuinet,  note  on  Khalas  date 36 

Cultivation  of  date,  suitable  climate  and  soil;- work  required 11, 25 

Curing,  gathering,  and  packing  dates 29-30 

Dakar  majahel,  male  date  palm,  introduction  and  value  for  ])ollination 24 

Date,  bearing,  age 25,  136 

culture,  importance  of  life  history  study  {see  aho  Date  growing) 139-141 

in  western  Zab,  peculiar  system 78 

Mexican  competition,  freedom  from  danger 11^4-136 
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Date,  culture,  pro^ta  (see  alao  Date  growing) 135-138 

regions  of  United  States  of  probable  succeas 122-125 

(fruit),  description 17 

garden,  cooperative  at  Tempo,  Ariz 42, 128 

experimental  at  Mecca,  Cal 110 

gardens,  sunken,  of  8ouf  country,  Sahara,  remarks 09 

growing,  care  of  tree,  pollination,  gathering,  curing,  and  packing  dates. . .  25-^30 

in  United  States,  types  and  varieties  of  aates  suitable   30-44 

season,  water  supply  in  Salton  Basin 105 

thinning  of  bunches  on  tree  {see  also  Date  culture) 28 

palm,  alkali  resistance,  discussion 115-121 

amount  of  water  necessary  in  irrigation 44 

and  dates,  care,  discussion 25-30 

general  remarks  on  conditions  in  United  States 1 1-13 

areas  in  Salton  Basin  for  growing 110 

as  shelter  for  other  fruit  trees 43 

destruction  by  rain  at  Moorzook,  Fezzan,  Sahara 118 

drai  nage,  discussion 50-^2 

effect  of  excess  of  alkali 79,83,116,120 

effects  of  atmospheric  humidity  and  rain,  discussion 52-58 

wind,  discussion 70-72 

heat  requirements,  discussion 58-70 

irrigation,  discussion 44-50 

necessity  of  sunshine,  and  heat  requirements 58 

offohoots^  successful  shipment 20-21 

propagation 18-25 

resistance  to  alkali 72-121 

usefulness  and  botanical  characters,  etc 14-17 

plantations  on  alkaline  soils,  subsidiary  cultures 115 

variation  of  heat  re(^uirement  for  different  sorts 63 

varieties  for  cultivation  in  Arizona 32, 128, 129 

Dates,  early  sorts  from  Sahara  for  United  States 32 

finest  ^des,  shortness  of  supply 138 

gathering,  caring,  and  packing 29-30 

of  commerce,  varieties,  remarks 38 

importance  for  United  States,  names  and  notes 39, 40 

ordinary,  probable  success  of  culture;  summary 132,142 

Persian  Gulf,  importation  into  United  States,  note 132 

Sromising  varieties  introduced  into  United  States 37 
aharan,  importation  into  United  States 41 

softanddry,  notes 20 

types,  three,  remarks 30-31 

De  Candolle,  statement  of  lowest  temperature  for  date  palm 63 

Death  Valley,  date  culture,  chances  of  success 122 

Deglet  Noor  aate,  certainty  of  ripening  in  Salton  Basin 67 

derivation  of  name 36 

disease,  Boussaafa 116 

high  quality,  summary 33, 141 

notes.  30, 41, 58, 63, 68, 69, 70, 89, 110, 116, 122, 123, 128, 133, 136, 137 

guality,  grades,  prices,  yield,  requirements  in  growing,  etc. .  33-^ 
alt  River  Valley,  for  ^wing 128 

Salton  Basin,  for  growing 67 

shortness  of  supply 138 

yield,  prices  ana  profits 136 

Desert  regions,  records  of  rainfall  {see  also  Sahara,  etc. ) 57 

Disease,  date  palm,  from  alkali 116 

**Merd  el  Ghram  **  due  to  bad  drainage .• 120 

freedom  of  date  palm 137 

Distances  between  trees  in  planting  dates 22 

Drainage,  bad,  cause  of  disease  in  date  palm 120 

connection  with  irri([;ation  in  Sahara 78, 86 

for  the  date  palm,  discussion 50-52 

in  Colorado  Valley,  necessity  except  in  date  culture 131 

use  in  Salton  Bst^in  in  date  culture,  note 110 

value  in  alkali  lands  for  date  culture,  note 73 

water  from  alkaline  soils,  irrigation  of  date  in  Sahara 98 

"Dry  dates,"  desmptioii 31 
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Efeypt,  dates,  notes : 32,39,41,129 

irrigation  by  flooding;,  remarks 48 

^Eeyptians,  ancient,  cultivation  of  date,  notes 17 

Electricity,  use  in  soil  inveBtigations,  notes 75, 79 

Evaporation,  relation  to  irrigation  of  dates 46 

Exportation  of  dates,  manner  and  importance 14 

Eairchild,  D.  G. ,  description  of  irrigation  and  drainage  system 48 

observation  of  date  soils  on  Persian  Gulf 109 

packing  dates  on  Persian  Gulf 137 

opinion  as  to  Bagdad,  Khalas  and  Mozaty  dates 37, 38, 40 

Fan  palm  in  Salton  Basin,  fruit  life  date;  alkali  resistance 111,112 

Fara  date,  exports  to  United  States,  note 38 

Female  flowers  of  date,  description  and  method  of  pollination 27 

differences  from  male  flowers 19 

Fig  growing  in  California,  remarks 14 

under  date  palm 44 

Fischer,  Th. ,  calculations  of  temperature  for  date  flowering 64 

remarks  on  Mozaty  date 37 

Flooding  as  method  of  irrigation,  probable  value  in  date  growing 48 

Flower  clusters  of  date,  description  and  number 26-27 

Flowering  of  date  palm,  lateness  as  safety  from  frost  (see  also  Blooming) 61 

lowest  temperature  limit 63 

Flowers  and  fruit  of  date,  disastrous  effect  of  rain^  weather 54 

date,  effect  of  pollination  on  value  of  frmt 28 

of  date  palm,  male  and  female,  growth;  distinguishing  marks 16, 19 

Forage  crops  with  dates  on  alkali  soils,  notes 116 

Forbes,  Prof.  R.  H. ,  exi>erience  with  date  palms  in  alkali  soil 18, 21, 42 

observation  on  date  palm  roots 112 

ripening  of  dates,  artificial,  method 135 

Rnars  date,  observation 32 

study  of  water  and  irrigation ..^ 99, 105 

Fongala,  Algeria,  alkali  in  relation  to  date  culture 78-84 

French,  planting  of  date  palm  in  the  Sahara,  notes  ^ 22 

Fritsch,  G.,  conclusion  as  to  germination  of  date 19 

Frosts,  escape  of  date  by  late  flowering 61 

Fruit  and  flowers  of  date,  disastrous  effect  of  rainy  weather 54 

date,  heat  required  for  maturing 65-70 

of  date  palm,  need  of  dry  air  for  proper  development 52 

trees,  shelter  of  date  palm 43 

Fruiting  of  date  palm,  effect  of  pollination  on  value  of  date 28 

lowest  temperature  limit 63 

necessity  01  high  temperature 62-65 

Fruits  for  growing,  with  dates  on  alkali  soils,  notes 115 

Fukusdate,  note 39 

Gardens,  date,  experimental  in  Arizona  and  California 42, 110, 128 

sunken,  of  Souf,  Sahara,  description 69 

Grathering,  packing,  and  curing  dates 29-30 

Gec^raphv  and  geolog^y  of  Salton  Basin,  California 101 

Geological  Survey,  estimate  of  irrigable  lands  on  Colorado  River 130 

Geolc^y  and  geography  of  Salton  Basin,  California 101 

Germination  of  date  palm  (seed),  need  of  water 19 

Gila  Valley,  Arizona,  date  culture,  probable  success,  notes 126, 133 

Gypsum  in  Saharan  soils,  note 73 

solubility  in  soil  moisture  : 74 

asein  reclamation  of  black  alkali  lands 119 

Habitat,  natural,  of  date  palm,  indications 19 

Halawi  date,  note 38 

Hamraya  date,  note 26, 37 

Hanlon  date  plantation,  climatic  i)eculiaritie8 50 

Hardpan,  drainage  in  date  lands 51, 78 

Hayani  date,  note 32 

Heat,  amount  required  to  mature  date  (see  also  Temj)erature) 65-70 

requirements  of  date  palm,  discussion 68-70 

History  of  date  cultivation,  remarks 17 
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Honey,  date,  production  and  use 30 

Humidity,  atmospheric,  and  rain,  effect  on  date  palm 52-5$ 

exceptionally  low  in  Sahara 70 

Hybridizing,  plant  breeding,  remarks 24,98,125 

Ibn-el-Fasel,  Andaluflian  Moor,  note 72 

Imperial  soils,  Salton,  Cal.,  value  for  date 107-110 

Importation  of  date  palms  and  dates 35,41,132 

Indians,  Coahuila,  tradition  as  to  Salton  Basin 103 

Irrigation,  areas  of  promise  in  Colorado  River  Valley 130 

date,  amount  and  application  of  water  in  United  States 46 

p-owing  without  use 131 

in  alkali  desert,  Algeria 78-SO 

palm,  discussion 44-50 

use  of  drainage  water 98 

with  alkaline  water,  note 50 

earlier  ripening  of  date  by  use  of  warm  water 67 

lack  of  water  in  Death  Valley 123 

of  date  lands  in  Salton  Basin,  notes 108, 110 

Salton  Basin,  history  and  progress 104 

water  for  dates,  advantages  of  warmth 49-50 

Iteemadate,  note 37 

Juice  of  date,  draining  off  and  preservation 30 

Jus,  M.,  estimate  of  water  necessary  for  date  palm 44 

Kales  date,  note 128 

Khadrawi  date,  note 38 

Khalas  date,  quality,  description,  etc 36-37 

Leaves,  date  palm,  description,  habit  of  growth 15 

toughness  and  resistanceto  wind 71 

use  as  shade 13 

Life  history  investigations,  importance  in  new  crops,  notes 139,  140 

Loam  soil,  use  for  dates,  notes 107,  108 

Loozee  date,  note 26 

Lount  No.  6,  date,  notes 32,  128 

Magnesium  chlorid,  preponderance  in  Ourlana  (see  also  Alkali) 94 

sulphate,  high  content  in  soil  at  M'  nuer,  Algeria 89 

Maktum  date,  notes 39,  40 

Male  date  palm,  characteristic  differences  from  female 25 

pollination,  chief  requisite.- 24 

palms,  varieties,  remarks 24 

trees,  proportion  in  planting 23 

flower  of  date,  differences  from  female  flower 19 

flower  cluster  of  date,  description 26 

Maquata  Basin,  Mexico,  date  growing,  advantages 103,  135 

Market  and  prices  in  United  States  for  Deglet  Noor  dates 34 

for  dates  in  United  States,  extent 138 

Maskat,  exports  of  dates,  notes 38,  41 

Masselot,  F.,  publications,  references 26,36 

Maturity.    See  Ripening. 

McClatchie,  Prof.  A.  J.,  notes  on  date  culture 129 

Means,  Thomas  H.,  analyses  of  date  soils 98 

Menakher  date,  quality,  and  need  for  trial  in  United  States 38 

*  *  Merd  el  Ghram ' '  disease  of  date  palm  due  to  overirrigation 120 

Mexican  competition  in  date  culture,  improbability •- 134-136 

Mexico,  date  culture,  pat^king  and  production 41,  135 

region,  probable 103 

insuflOiciency  of  heat  for  seedling  dates,  note 18 

male  date  palms,  character  and  number,  notes 20-23 

**  Meznoon ''  or  ^*  boussaafo "  disease  of  dates 116 

Mirhage  date,  notes 39,  40 

Mohave  Desert,  date  culture,  chances  of  success 128 

Moors,  introduction  of  date  growing  into  Spain 17 

Moorzook,  Fezzan,  Sahara,  effect  of  rain  on  date 118 


INDEX.  151 

Pa«e. 

[oTocco,  excellence  of  dates,  remarks 39,  40 

[ozaty  or  Mazaaty  date,  note 37 

L'raier,  Al^ria,  alkali  in  relation  to  date  culture 88 

[alcby  nse  in  propagation  of  date,  note 22 

['Zal>,  Algeria,  dates 37 


,  date  culture,  probable  success 125-126 

kind  of  date  required 33 

'eiw  Bdexico,  date  culture,  probable  succesfl 133 

ice,  date  palm,  ripening  of  fruit,  notes 124,125 

itrate  in  ealton  Basin  soil,  value  and  use 114 

f  ubia,  dates  of  promise  for  United  States 40 

^fiEslioots,  date,  packing,  and  shipment,  innovation  b>^  writer 42 

loss  ot  seedling  date  varieties  by  too  close  trimming 25 

propagation  of  date  palm 20 

reproduction  of  date  palm 15 

>live  trees,  protection  of  date  palm 43-44 

Grange  orchards.  Riverside,  Cal. ,  injury  by  alkaline  waters 121 

>rcliards,  date,  scientific  starting  (see  also  Offshoots,  Propagation,  etc. ) 25 

seedling  date,  advisability  of  planting  in  Salton  Basin 18 

)ue<l  Rirh,  Algeria,  date  culture,  reinarxs 89-90 

>urlana,  Algeria,  alkali  in  relation  to  date  culture 89-95 

Packing,  gathering,  curing  of  dates 29-30, 33, 137 

offshoots  (young  date  plants)  for  shipment,  innovation  by  writer  ...        42 

^Igrave,  W.  G.,  remarks  on  Knalas  date : 1 36 

E*alixi.     See  Date  palm. 

E*aii|?li  Ghur  region  in  Baluchistan,  dates 37 

Persia,  dates  of  promise  for  United  States 40, 126, 134 

Persiaii  Gulf,  date,  damage  by  "  shamel"  wind 71 

region,  soil 109 

dates,  imports  into  United  States,  note 132 

packing 137 

tidal  irrigation 48 

oases,  possible  source  for  dates  useful  in  Nevada  and  Texas 126 

Phoenix  canarierms^  possible  use  in  hyl)ridizing  date 125 

reclincUa  (?)  native  growth  and  use  in  hybridizing 98 

Phosphoric  acid  of  Colorado  River  water,  benefit  to  Salton  Basin  soil 106 

Pit.      See  Seed. 

Plant  breeding,  hybridizing,  remarks 24,  98,  125 

Plant  introduction,  early  maturing  dates 133, 139 

Planting  and  care  of  date  palm  ofehoots 21 

of  date  orchard,  aistances  between  trees 22 

number  to  acre  in  desert,  notes 45 

proportion  of  male  trees 23 

seed,  remarks .' 18 

Plateau  region,  California,  date  culture,  chances  of  success 123 

Pollen  of  date,  effect  of  character  on  fruit 24 

shipment 29 

Pollination,  importance  of  labor,  and  ease  for  young  trees 29 

need  of  simplification  of  method 28 

of  date,  difficulties 27,28 

palm,  discussion 26-29 

dates,  origin  and  practice 16 

supply  of  male  trees 23, 24 

practice  of  Arabs  in  keeping  pollen 28 

value  of  Dakar  majahel,  male  date  palm,  at  Tempe,  Ariz 24 

Pomology,  Division,  early  importation  of  date  palms 41 

Potassium  chlorid  in  Salton  Basin  soil,  value 114 

Prices  of  dates,  remarks 136-138 

Profits  of  date  culture 13fr-138 

Propagation  of  date  palm  by  offshoots 20 

seedlings 18 

discussion 18-25 

proportion  of  male  trees  in  plantations 23 

dates,  failure  of  seedlings  in  trueness  to  type 19 

Pruning  of  date  palm,  trimmingoff  of  leaves 15,  25 
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Rhin  and  atmospheric  humidity,  effects  on  date  palm,  discuf»on 52— 5ifl 

at  Moorzook,  Fezzau,  Sahara,  destruction  of  date 118 

in  Death  Valley,  lack 123 

injury  to  flowers  and  fruit  of  date  palm B4 

notes  on  amount  at  various  date-growine  points 31 

Rainfall,  sofficiencj,  for  dates  in  parts  of  CaliK>mia  and  Arizona  {see  aUo  Rain)         4$ 

Rainy  days  and  rainless  months  in  date  regions,  records 51 

Reproduction  of  date  pabn  in  natural  state 1{ 

Rhars  date,  good  qualities 32,  S 

notes 30.41,50,13: 

Rohlfs,  Gerhard,  remark  regarding  dates  in  Morocco S 

Ripening  of  dates,  artificial,  method 131 

benefit  of  hot  dry  wind 7 

hastening  by  use  of  warm  water  in  irrigation 6: 

heat  requirement 65—71 

Deglet  Noor  date,  remarks 67,68,61 

Rirh  River.     See  Oued  Rirh. 

RoUand,  M.,  estimate  of  water  supply  for  date 4J 

Roots  of  date  palm,  characteristics 1! 

de[)th  in  alkali  soil : lli 

moisture  in  earth,  necessity 41 

need  of  aeration 54 

offshoots  starting  after  planting 21 

trimming  in  transplantmg S( 

fan  palm  in  alkali,  remarks 1 12,  111 

Rose,  M.  le  commandant,  estimate  of  water  supply  for  date 4£ 

Sacramento  and  San  Joaquin  valleys,  date  culture,  probable  success 12S 

Sahara,  comparison  of  water  supply  with  Ck)lorado  Kiver 106 

dates  and  date  palms 39, 40, 41 

importance  of  aate  growing 17 

investigation  of  alkali-resisting  power  of  date  palm 73-09 

protection  of  fig  and  olive  by  date  palms 44 

ratio  of  male  dat«  palms,  note 23 

season  of  flow^ering  of  date 27 

Souf  country,  growing  of  Deglet  Noor  dates 35 

sunken  date  gardens,  description 69 

study  of  alkali  resistance  of  date  palm 115-120 

temperature  curves  in  date  region 63-64 

temperatures,  mean  and  mean  maximum 66-68 

Saharan  alfalfa,  use  on  alkaline  soils  in  date  orchard 23 

varieties  of  date  palms^  introduction  into  United  States 41—43 
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PREFACE. 


The  importance  of  introducing  the  commercial  culture  of  the  U 
palm  into  Arizona  and  California  led  to  the  establisfaiuent  of  the  ^ 
erative  date  orchard  at  Tempe,  Ariz.,  where  already  more  ran^ 
of  this  palm  are  gathered  together  than  are  to  be  found  in  any  on 
one  place  in  the  world.  To  the  original  orchard  additions  have  ha 
made  from  time  to  time,  one  of  the  most  important  being  the  coifc 
tion  of  Persian  varieties  presented  to  the  Department  of  Agriculw 
by  Mr.  Barbour  Lathrop  and  described  in  the  present  bulletin,  ft 
tunately,  many  of  the  suckers  sent  from  Persia  are  alive  and  wtJI  i 
time  enable  the  Department  to  distribute  the  best  of  these  rarietie^i 
suitable  regions  of  our  arid  Southwest. 

Mr.  Fairchild's  statements  regarding  the  manner  in  which  tbeM 
sian  dates  are  packed  furnishes  an  additional  incentive  for  pusa^ 
the  work  of  introduction,  so  that  the  home  market  may  be  supfikf 
with  clean,  wholesome  dates. 

In  securing  much  of  the  information  which  is  contained  in  thi^' 
letin  and  in  the  procuring  of  the  young  date  palms  Mr.  FairchiM  > 
indebted  to  the  American  vice-consul,  Mr.  A.  Mackirdy,  of  M«2^W 
Mr.  Rudolf  Hurner,  vice-consul,  of  Bagdad,  Mr.  O.  Gaskin,  Brit» 
vice-consul,  of  Bahrein,  and  especially  for  unusual  courtesies  sad  si 
to  Mr.  H.  P.  Chalk,  of  Bassorah. 

A.    J.    PlETEBa 

Botanist  in  Char^^ 
Office  of  Botanist  ix  Charge  of  Seed 

AND  Plant  Introductton  and  Distribution, 

Washington^  D,  C.^  September  17^  1903. 
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6 


B.  1'.  I.— 74.  S.  P.  I.  D.— 38. 

PERSIAN  GULF  DATES  AND  THEIR  INTRODUCTION 

INTO  AMERICA. 


INTBODUCnON. 

The  valley  of  the  Euphrates  is  said  to  be  the  birthplace  of  the  date 
palm.  Whether  this  is  true  or  not,  it  is  certain  that  nowhere  else  in 
the  world  are  more  favorable  conditions  for  the  cultivation  of  the  date 
to  be  found  than  along  the  shores  of  the  Persian  Gulf  and  in  Lower 
Mesopotamia. 

The  Persian  Gulf  date  region  is  doubtless  the  largest  in  the  world 
and  furnishes  the  greatest  part  of  all  the  dates  sold  in  the  American 
markets.  Two  million  cases,  or  over  a  hundred  million  pounds  of 
dates,  have  been  exported  in  a  single  year  from  the  principal  shipping 
port;  and  at  a  very  moderate  estimate — for  no  even  approximate  data 
are  obtainable — there  must  be  not  less  than  fifteen  to  twenty  million 
date  palms  in  this  great  territor3\ 

The  date  plantations  of  Biski-a,  in  the  Sahara,  contain  little  over 
half  a  million  palms,  according  to  Swingle,^  while  the  immense  region 
comprising  Upper  and  Lower  Egypt  together  is  estimated  by  Will- 
cocks*  to  have  only  7,400,000  date  palms  in  cultivation.  Moroccan 
and  Spanish  gardens  are  insignificant  in  comparison  with  these  great 
regions,  and  no  one  connected  date  area  can  compare  in  size  with  the 
plantations  which  extend  for  70  miles  in  an  unbroken  forest  from 
below  Mohammerah  to  above  Kurna,  on  the  Shat-el-Arab  River. 
This  strip  of  forest  varies  in  width  from  less  than  a  mile  to  over  3 
miles,  and  more  than  6,000,000  trees,  it  is  estimated,  are  packed  into  it. 
There  is  certainly  nothing  comparable  to  it  in  the  world,  either  as 
regards  size  or  the  ease  with  which  it  can  be  irrigated. 

Date  growing  in  Arizona  is  rapidly  passing  the  experimental  stage. 
The  fac-t  that  this  fruit  could  }>e  grown  there,  however,  was  first  called 
to  the  attention  of  the  public  b}'  the  success  of  a  number  of  chance 
seedlings  which  bore  good  crops  of  fine  fruit.     The  seeds  from  which 

a  Swingle,  W.  T.    The  Date  Palm  and  ita  Culture.     In  Yearbook  of  Department 
of  Agriculture  for  1900,  p.  461. 
^Willcocka,  W.     Egyptian  Irrigation,  1899,  pp.  17-18. 
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these  seedlings  were  raised  came  probably  from  I*ers>ian  GuJf  date-, 
since  these  are  the  mast  common  ones  in  our  markets.  The  excelk** 
of  the  fruit  from  these  seedlings  and  the  fact  that  they  ripened  euk 
made  it  seem  probable  that  the  Persian  Gulf  date«,  as  a  class,  migti 
prove  upon  investigation  to  ripen  earlier  than  those  of  North  AfrioL 
and  therefore  be  better  suited  to  the  short,  hot  seasons  in  Arizona. 

The  stickiness  of  the  dates  from  Mesopotamia,  as  sold  in  this  ooc*- 
tr}',  is  perhaps  a  disadvantage  which  they  have  in  comparison  witt 
the  African  sorts,  but  it  was  thought  that  American  date  firms  migM 
not  wish  to  import  the  best  varieties  and  that  there  mi^ht  be  foo»i 
under  cultivation  along  the  coast  of  the  Persian  Gulf  sup>erior  earlj- 
ripening  sorts  of  which  nothing  is  now  known  in  the  United  State:=. 

The  consideration  of  these  possibilities  decided  Mr.  Barbour  Lathn^ 
to  send  the  writer  up  the  Persian  Gulf  to  Bagdad  to  look  for  the  he4 
and  earliest  varieties  of  dates  and  to  secure  such  information  reganl 
ing  their  culture  as  might  be  obtainable.  The  object  of  this  sfewt 
bulletin,  therefore,  is  to  make  available  to  those  interested  in  dat? 
culture  the  information,  more  or  less  fragmentary,  which  was  socumI 
during  a  brief  stay  in  Bassorah  and  Bagdad  and  stops  of  a  few  boc^^ 
at  ports  on  the  Persian  Gulf. 

GENERAL  DESCRIPTION  OF  THE  REGIOIT. 

The  Pei'sian  Gulf,  like  the  Red  Sea,  is  a  bod}^  of  unusually  sailj 
water,  surrounded  by  stretches  of  desert  sand  and  barren  hills  and 
cliffs.  Its  waters  are  shallow  and  easilv  and  often  ruffled  bv  stonns. 
making  landing  on  the  shelving  beaches  sometimes  difficult  and  danger- 
ous. Its  eastern  shore  is  formed  by  the  rocky  coast  of  Persia,  wbil* 
the  deserts  of  Arabia  constitute  its  western  coast.  The  Gulf  of  Omta 
is  separated  from  the  Persian  Gulf  by  a  narrow  strait,  south  of  whit^i 
lies  the  Sultanate  of  Maskat,  with  its  dependent  province  of  Guadn: 
on  the  opposite  side  of  the  gulf. 

The  Sliat-el-Arab  River  is  formed  by  the  union  of  the  Tigris  9ai 
Euphrates  at  Kurna,  where,  according  to  the  Arabs,  the  garden  of 
Eden  was  located.  It  flows  south  for  70  miles  and  empties  into  thf 
northern  end  of  the  Gulf  of  Persia,  forming  a  shallow  bar  which  mtt4 
be  crossed  at  flood  tide  bv  even  shallow-draft  vessels. 

The  Persian  Gulf  is  politically  controlled  by  Great  Britain.  whc>v 
officials  settle  petty  intertribal  disputes  between  the  natives  and  posb 
the  interests  of  British  trade  by  increasing  the  communication  f aciliti^ 
of  the  waterways.  Turkey  nominally  governs  Arabia,  but  practically 
controls  little  territory  south  of  the  Shat-el- Arab  River,  while  the  Shah 
of  Persia  has  jurisdiction  over  the  whole  eastern  coast  of  the  gulf.  , 
and  the  Sultan  of  Maskat,  under  the  eye  of  Great  Britain,  manage' 
the  affairs  of    his  Sultanate    and  of    his  dependency   of   Guadnr. 
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developments  in  this  region  have  until  recently  been  very  slow,  but 
hose  who  read  the  signs  of  the  times  there  foresee  some  interesting 
'hau^es  in  the  near  future. 

Xhere  are  several  ways  in  which  the  Persian  Gulf  region  may  be 
risitcd:  Bv  comfortable  steamers  of  the  British  India  Line  from  Bom- 
iCLy,  which  run  weekly  and  form  the  easiest  and  quickest  approach; 
\yy  caravan  from  Damascus,  in  fourteen  days,  to  Bagdad;  by  carriage 
from  Trebizond  to  Mosul  and  down  the  Tigris  (on  a  raft  of  inflated 
sheepskins)  to  Bagdad;  via  Teheran  and  Ispahan  on  mule  back  to 
Bushire  or  Bagdad;  or  by  the  Anglo- Arabian  and  Persian  Steamship 
Company,  of  Leadenhall  street,  London,  which  keeps  up  a  fairly  good 
service  to  and  from  the  gulf.  This  company  iiins  steamers  at  least 
once  a  month,  and  frequenth^  semimonthly,  stopping  at  Port  Said, 
Suez,  and  Aden. 

The  Turkish  quarantine  regulations  at  Bassorah  require  of  all  pas- 
sengers on  boats  from  India  ten  days'  quarantine,  while  only  five  are 
demanded  of  this  Anglo-Arabian  Company  coming  direct  from  Europe. 
The  easiest  way,  therefore,  to  reach  the  gulf  will  be  to  join  one  of  this 
company's  boats  at  Port  Said,  Suez,  or  Aden.  Returning,  one  can  take 
a  boat  of  the  British  India  Line  to  Bombay,  if  he  desires  to  call  at  any 
of  the  ports  on  the  coast,  which  are  closed  by  quarantine  to  boats  going 
up  to  Bassorah  but  open  to  all  steamers  retuniing  from  there. 

ClilMATE. 

The  Persian  Gulf  and  the  Gulf  of  Oman  are  among  the  hottest 
regions  in  the  world.     Maskat,  while  not  as  warm  as  Jacobabad,  is 
so  hot  that  the  thermometer  registers  117^  to  120'^  F.  in  the  shade,  and 
for  nights  and  days  the  temperature  has  been  known  to  remain  some- 
where about  110'^  F.     The  sea  water  in  the  harbor,  as  taken  for  the 
ship's  engines,  was  registered  on  the  log  of  the  steamer  as  96°  F.,  and 
the  eight  Europeans  who  live  in  the  place,  in  order  to  make  sleep  a 
pK)ssibility,  resort  to  the  use  of  special  machines,  like  fanning  mills, 
which  force  a  draft  of  air  through  a  perpetually  wet  screen.     As  high 
as  124^  F.  in  the  shade  is  recorded  for  the  river  Shat-el-Arab  b}"  the 
*^ Persian  Gulf  Pilot.-'    The  Europeans  spend  as  much  time  as  possi- 
ble during  the  day  in  darkened,  lower-story  rooms,  and  the  nights  on 
the  flat  roofs  of  the  houses.     Nor  is  the  heat  by  any  means  alwa3's  a  dry 
one,  but  it  is  often  muggy  and  oppressivelv  moist.     The  winters  are  as 
delightful,  with  their  bright  sunshine  and  cool  breezes,  as  southern 
California.     The  rainfall  is  about  6  inches,  according  to  Mr.  Mac- 
kirdv-.  United  States  vice-consul,  and  occurs  in  the  spring  months. 
No  rains  fall  during  the  principal  date  harvest  in  August  and  Septem- 
ber, which  are  at  the  same  time  the  hottest  months.     Owing  to  this 
long,  excessive  heat  at  Maskat  the  dates  ripen  earlier  than  they  do 
farther  north. 
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At  Bahrein  (the  pearl  islands),  on  the  Arabian  side  of  the  Gulf, 
Rev.  S.  M.  Zwemer,  who  has  the  self -registering  thermometer  of  the 
Indian  weather  sen-ice,  describes  March,  April,  October,  November, 
and  December  as  ^^  delightful/*  with  indoor  temperatures  seldom  shore 
85^  F.  or  below  60^  F.  January  and  February  are  colder,  even  cold 
enough  for  a  fire,  and  in  these  two  months  the  rain  of  the  season 
usually  falls.  The  months  from  May  to  September  form  the  hot 
season,  and  during  this  period  heavy  night  dews  are  common  and  the 
thermometer  often  remains  above  100^  F.  for  many  days  and  nights^ 
together.  The  minimum  temperature  in  the  village  of  MenamaL 
Bahrein,  during  the  summer  months  of  1893  was  85^  and  the  maximum 
107^  F.  in  the  shade. 

In  Bassorah,  near  the  mouth  of  the  Shat-el-Arab,  the  climate  is 
similar  to  that  of  Bahrein,  with  the  exception  that  the  winten^  are 
colder — so  cold,  in  fact,  that  a  grate  fire  is  necessary  for  comfort. 
Such  delicate  plants  as  ti*opical  guavas  are  injured  b^^  the  low 
temperature. 

Bagdad  is  still  some  distance  from  the  northern  limit  of  date  culture, 
and  yet  frosts  are  of  frequent  occurrence.  Temperatures  of  17^  and 
even  12^  F.  it  is  understood  have  been  observed,  though  not  hy  ofiicial 
weather  observers.  The  summers  are  cooler  than  at  most  places  on 
the  gulf,  and  shortly  after  sunset  the  rapid  radiation  from  the  desert 
which  surrounds  the  town  lowei"s  the  temperature  appreciably.  Judg- 
ing from  the  glare  upon  the  light-brown  soil  in  the  winter  season  and 
from  the  precautions  which  it  is  necessary  for  travelers  to  take  in 
crossing  the  deserts,  the  insolation  to  which  the  date  palms  are  sub- 
jected in  Mesopotamia  must  be  something  extraordinarj*.  No  figures 
regarding  the  force  of  the  sun's  ra\'8,  however,  were  obtainable. 

From  Mr.  Willcocks's  paper,  cited  later,  the  following  tables  are 
taken: 

Met4'orolf)gicfU  obseri'iiliorut  at  Barfdnd. 


Month. 


1888 


Temperature. 


January... 
February  . 

March 

April 

May 

June 

July 

August 

September 
Ootober... 
November 
December. 

Mean 


°^. 

°f. 

62.5 

41.1 

68.1 

47 

74.2 

51.7 

81 

58.7 

94.1 

70.2 

102.2 

76.9 

109.3 

80.2 

106.3 

78.6 

103.4 

?2.8 

100.2 

m.\ 

74.8 

48.3 

60.8 

42.3 

1884 


i      Mean      I      Mean      j  >, 
,  maximum. I  minimum.    "^*"' 


Rainfall. 

- 

Total. 


Temperature. 


Mean  Mean 

'maximum,  minimum. 


Inche«.  I  Inches. 


49.9 
64.9 
60.5 

68.8 
80.1  I 

88.8  I 
92.6  ; 

90.9  ' 

79.1 
57.3  I 
49.1 


0.1 

2.4 

.8 

2.7 


1.2  I 
.5  ! 


56.5 
61.5 
69.3 
76.2 
91 

100.8 

106.3 

106.7 

100.8 

90 

72.1 

61.5 


op 

87.1 

44 

50.4 

58.9 

69.9 

76.9 

78.5 

79.3 

70.5 

61.2 

55.1 

44.8 


Rainfmll. 


Mean.    TotaL 


87.9 


61.4 


ri.4 


8.4 


82.5 


60.5 


Inchen, '  iffdkoL 

46.3  1.5 

52.8  •  7.9 
69.H  I  4.4 
67.5  2.* 

80.5  

88.6   

91.9   

98       

85.4   

75.6  1  .1 

63.6  i  i.^ 
58.2  I        1 

71.5  :      a.2 
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Meteorological  observations  at  Bagdad — Continued. 


Month. 


IHOf) 

Temperature. 


Rainfall. 


Mean 
maximum. 


Mean 
minimum. 


January 

Kel>Tuaiy t 

March ] 

April I 

MiTy I 

June 

July 

Aus;iist I 

September I 

October ' 

November I 

December 

Mean 


Month. 


«'i'. 

°F. 

58.7 

38.8 

67.2 

43.2 

73.6 

49 

87 

61.3 

96.7 

68.9 

104.5 

76.5 

110.5 

79.5 

112.1 

79.4 

107.3 

73.2 

92.5 

64.2 

72.3 

47.9 

58.3 

39 

8*5.7 


60.1 


Inches. 
48.8 
55.2 
61.3 
74.2 
82.8 
90.5 
96 
96.7 
90.3 
78.4 
60.1 
48.9 

73.4 


lOOO 

Temperature. 


Rainfall. 


Mean 


Mean 


maximum.'  minimum. 


Inchen. 

^F. 

°^'. 

0.3 

60.4 

39.5 

.1 

66.4 

45.9 

.5 

72.7 

53.7 

.3 

85.8 

61.7 

93.3 

66.2 

108.5 

73.8 

108.2 

77 

• 

108.6 

76.1 

106.1 

71.3 

.1 

98.2 

65.4 

1.1 

71.8 

49.2 

1.2 

64.5 

44.8 

3.6 

86.1 

60.4 

Mean. 

Total. 

Inchet. 

Inches. 

49.9 

0.4 

56.1 

1.2 

63.3 

1 

73.8 

79.9 

88.7 

92.6 

92,4 

88.2 

79.3 

60.5 

1.7 

54.7 

1.4 

73.4 

5.7 

January  .. 
February  . 

March 

April 

May 

June 

July 

Auguflt 

September 
October . . . 
November 
December. 

Mean 


1901 


1908 


Tempeniturt». 


Rainfall. 


Temperature. 


Rainfall. 


Mean 


Mean 


maximum,  minimum. 


'F. 

57 

75.1 

82 

89.3 

96.1 
108.8 
113.5 
113.1 
108      !  74. 6 

98.8  63.2 

78.9  54.2 
68.3  I 


Mean.    Total. 


Mean 


Mean 


maximum,  minimum. 


Mean. 


°F. 

Inches. 

38.2 

47.6 

47.2 

61.2 

54.7 

68.4 

61.6 

75.4 

67.2 

81.2 

78.2 

73.6 

SO.  5 

97 

80.9 

97 

Inches. 
0.5 


.3 
.2 
.2 


'F. 
62 
73.7 
73.2 
84.3 
99.6 
107.4 


^F. 
36.9 
47.6 
51.3 
60.2 
71.9 
76.9 


Inches. 
49.5 
60.6 
62.3 
72.3 
85.7 
92.2 


91.8  . 
78.5  I, 

66.9  i 
43.1        55.7  I 


.2 


Total. 


Inches. 

0.2 

.4 

1.8 

1.9 


90.2 


62 


74.5 


1.5 


LOCATION  OF  THE  DATE  GABDENS. 

Although  the  Arab  knows  more  about  dates  than  he  does  about  any 
other  plant,  since  it  is  his  principal  food,  his  knowledge  is  generally 
very  local,  and  it  is  difficult  to  obtain  accurate  information  regarding 
the  extent  of  the  date  plantations  along  the  gulf. 

It  is  probable  that  small  gardens  are  to  be  found  almost  anywhere 
on  the  coast  where  the  water  necessary  for  cultivation  is  obtainable, 
but  there  are  several  principal  regions  from  which  the  dates  are 
exported  or  have  otherwise  become  well  known.  How  large  they  are 
is,  however,  the  subject  of  conjecture. 

The  Pangh  Ghur  region,  lying  thirteen  days'  caravan  ride  inland 
from  the  port  of  Guadur,  on  the  Gulf  of  Oman,  is  in  the  Mekran  ter- 
ritory of  Baluchistan.  According  to  Lieut.  W.  O.  Grant,  of  the 
First  Baluchistan  Light  Infantr}^  who  recently  took  an  expedition 
into  the  country  and  to  whom  the  writer  is  indebted  for  much  valu- 
able information,  the  plantations  in  this  region  are  of  considerable 
size,  including  hundreds  of  thousands  of  trees;  but  the  natives  export 
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into  Kurrachee  and  other  parts  of  India  onlj^  small  quantities  of  dates. 
Among  them,  however,  is  one  of  the  finest  in  the  world,  called  the 
"Mozaty,"  which  is  packed  in  date  simp  in  small  earthen  jars  and  is 
sold  as  a  great  delicacy  on  the  Kurrachee  market.  Little  is  known 
about  the  other  varieties  of  this  region,  except  that  they  are  reported 
to  ripen  very  early,  even  as  early  as  June.  A  guard  is  necessary  in 
order  to  visit  the  region,  as  the  inhabitants  are  quite  uncivilized  and  are 
continually  at  war  with  each  other. ^  Maskat  itself  has  few  palms  in 
its  immediate  vicinity,  but  some  60  miles  in  the  interior,  at  Semail,  at 
least  half  a  million  trees  are  said  to  be  under  cultivation,  while  along 
the  Batna  corst  is  a  region  which,  according  to  Vice-Consul  Maekirdy. 
is  60  miles  long  and  a  half  mile  wide  and  is  packed  with  date  palms. 
These  two  areas  are  believed  by  Mr.  Mackirdy,  who  is  an  old  resident 
in  Maskat,  to  nearly  equal  in  size  those  of  Bassorah  and  MohammeraL 
They  furnish  1,000  tons  of  dates  for  export  to  America  and  the  total 
yearly  export  from  Maskat  is  estimated  roughly  at  30,000  tons,  which 
is  second  only  to  Bassorah  in  amount.  Maskat  has  the  largest  date 
export  from  the  gulf  to  Indian  and  other  Asiatic  ports.  Owing  to  its 
southern  latitude  and  excessive  heat  the  dates  of  Maskat  ripen  earlier 
(some  of  them  in  June)  than  those  farther  north. 

Back  of  Jask,  which  lies  on  the  opposite  coast  of  the  Gulf  of  Oman,, 
large  gardens  of  dates  are  said  to  exist,  but  about  the  place  it^lf 
scarcely  a  palm  is  to  be  seen,  and  the  surroundings  of  the  latter  are 
almost  a  complete  desert.  Six  days'  camel  ride  into  the  interior,  at  a 
place  called  Bashkala,  some  especially  fine  varieties  are  grown  and« 
according  to  Mr.  G.  W.  Mongavin,  of  the  Indo-European  telegraph 
department,  who  was  stationed  for  some  years  at  Jask,  the  dates  from 
this  region  are  the  finest  he  has  ever  tasted.  How  extensive  the  orchards 
are  is  unknown.  Forty  miles  from  Bunder  Abbas,  on  the  Persian  coast, 
are  the  plantations  of  Minab,  which  are  almost  as  large,  it  is  said,  as 
those  of  Bassorah  and  Mohammerah.  These  are  the  plantations  which 
furnish  the  dates  for  consumption  on  the  Persian  Gulf,  and,  in  the  pick- 
ing season,  which  is  in  June  and  July,  the  inhabitants  of  many  small 
villages  along  the  coast  migrate  to  Minab,  where  dates  are  much 
cheaper  than  at  home,  to  live  for  several  months.  The  varieties,  in 
part  similar  to  those  of  Maskat  and  Bassorah,  are  inferior  in  flavor 
and  keeping  quality.  Those  tasted,  late  in  the  season  it  is  true,  Imd 
decidedly  harsh  skins,  and  were  inferior  in  every  wa}^  to  any  of  the 
good  Bassorah  sorts. 

The  town  of  Lingah,  in  Persia,  which  owing  to  the  quarantine 
restrictions  was  seen  only  from  the  steamer,  is  fringed  with  date 

o  The  native  servant,  whom  Lieutenant  Grant  was  kind  enough  to  dispatch  to 
Pangh  Ghur  in  search  of  palms  for  the  expedition,  was  turned  back  at  Ke],  some 
seven  days*  caravan  journey  from  the  former  place,  but  luckily  secured  at  KeJ  palm 
shoots,  which  the  chief  of  the  place  reports  are  of  the  Pangh  Ghur  variety  "Moaaty." 
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palms,  but  it  was  not  learned  that  any  fruits  were  exported  or  that 
any  considerable  area  was  planted  to  dates.  The  people  of  Lingah  are 
said  to  obtain  most  of  their  dates  from  Minab. 

Bahrein  Island,  noted  as  the  center  of  the  pearl  fisheries  of  the 
gnlf ,  has  itself  a  half-million  date  palms  planted  on  it,  but  they  are  not 
much  more  than  enough  to  supply  local  gulf  demands,  neither  arc  they 
of  superior  quality.  The  region  of  Hassa,  however,  00  miles  inland, 
haj5  extensive  plantations  and  produces  one  of  the  most  delicious  dates 
of  this  part  of  the  world,  called  the  ''Khalasaof  Hassa.''  Zwemer, 
in  his  ' 'Arabia,  the  Cradle  of  Islam,"  remarks  that  the  Hassa  date 
region  is  not  comparably  as  large  as  that  of  Basso  rah,  but  he  does 
not  tell  how  extensive  it  really  is.  Probably  a  million  trees  would  be 
a  fair  estimate. 

Bushire  has  few  date  palms  about  it,  but  the  districts  of  Tangistan 
and  Koweis,  not  far  off,  have  plantations  of  considerable  size,  it  was 
stated  by  an  old  resident  of  the  place.  Three  or  four  hundred  tons  of 
dry  dates  are  exported  annually  to  India  from  this  port. 

Of  the  date  gardens  of  Koweit  nothing  was  learned,  but  the}-  are 
probably  inconsiderable  in  size. 

Mohammerah  and  Bassorah,  although  30  miles  apart  and  on  opposite 
sides  of  the  Shat-el-Arab  which  separates  Persia  from  Arabia,  really 
belong  to  the  same  general  district  and  are  the  centers  for  export  of 
the  largest  single  date-producing  region  in  the  world.  Although  no 
count  has  ever  been  made,  there  are  probably  over  five  or  six  mil- 
lion palms  planted  along  the  banks  of  the  river,  and  as  seen  from  the 
bridge  of  a  steamer  the  waving  crowns  of  these  tall  palms  stretch 
away  in  every  direction  to  the  horizon.  (PI.  II,  fig.  1.)  In  reality, 
the  strip  of  land  occupied  by  them  is  from  less  than  a  mile  to  3  or  4 
miles  wide  and  70  miles  long,  with  occasional  rice  fields  or  neglected 
areas. 

At  various  places  along  the  Tigris  and  Euphrates,  which  rivers  run 
almost  parallel  to  each  other  across  the  broad,  slightly  inclined  plain 
of  Mesopotamia,  there  are  date  plantations  var3'ing  in  size  from  a  few 
trees  to  hundreds  of  acres.  About  Bagdad,  635  miles  from  Bassoi'ali, 
and  at  Hillah,  on  the  Euphrates,  a  day's  journe}'^  by  camel  from  Bagdad, 
there  are  extensive  groves  of  dates — over  a  million  trees  in  the  two 
places--and  numerous  superlative  sorts  are  produced  here,  such  as  the 
"Kustawi,''  "Maktum,^'  "Taberzal,"  etc.  Owing  to  the  fact  that 
there  is  little  export  to  restrict  the  number  of  varieties  which  may  be 
planted  for  profit,  there  are  probably  more  different  kinds  to  be  found 
about  Bagdad  than  anywhere  else  in  the  Persian  Gulf  region. 

SOIL  CONDITIONS. 

The  date  loves  a  slightly  alkaline  soil  and  can  thrive  where  enough 
salt  is  present  to  kill  most  ordinar}'  plants.     It  finds  in  the  countries 
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around  the  Persian  Gulf  all  degrees  of  saltiness.  The  writer 
unable  to  obtain  good  samples  of  the  soil  from  all  of  the  noted  date 
regions  about  the  gulf  but  examined  a  sufficient  number  to  natisfA'  him- 
self of  its  variability.  In  Bassorah  there  is  an  adol)e  soil,  resembling 
the  silt  of  the  Nile  Valley,  so  sticky  that  it  has  only  to  be  dried  in  the 
sun  to  make  the  best  of  adobe  bricks.  This  pure  adobe  is  not  con- 
sidered as  suitable  a  soil  as  that  which  has  a  slight  admixture  of  sanu 
in  it  to  make  it  lighter.  Though  undoubtedly  a  fine  soil,  this  alluvium 
can  not  be  compared  with  the  rich  river  bottoms  of  the  Missouri* 
Kansas,  and  Mississippi,  and  is  able  to  produce  no  such  crops  of  Toaize 
or  wheat.  The  soil  of  Bagdad  resembles  that  of  Bassorah  closely, 
being  made  up  of  the  same  alluvial  deposits  from  the  Tigris  River. 
Not  a  stone  the  size  of  a  man's  fist  can  be  found  b}'  searching  for  hours 
across  the  plains  about  Bagdad,  and  the  broken  antique  potterj^,  tiless 
and  bricks  attest  the  chaiucter  of  the  fine-grained  soil  of  which  these 
millions  of  acres  are  composed.  It  is  the  very  soil  of  which  Babylon 
was  built,  and  which  when  baked  has  so  well  preserved  for  later 
generations  the  cuneiform  language  of  the  Babylonians. 

ra&IGATION  OF  TSBE  PI.ANTATI0K8. 

Nowhere  in  the  world  does  such  an  ideal  water  supply  exist  for  the 
irrigation  of  date  plantations  as  at  Bassorah.  A  broad,  muddy  river, 
flowing  at  a  rate  varying  from  0.4  mile  to  6  miles  an  hour  between 
banks  which  are  so  low  that  the  Arabs  sit  upon  them  and  wash  their 
hands  in  the  stream  (PI.  IV,  fig.  3),  supplies  an  almost  unlimited 
quantity  of  water.  With  each  high  tide  the  waters  of  the  river  are 
backed  up  for  about  70  miles  and  rise  on  an  average  at  Bassorah  0  feet 
above  their  former  level,  filling  on  both  banks  the  hundreds  of  irrigat- 
ing canals  which  run  in  every  direction  for  many  miles  through  the 
date  forests.  The  height  of  the  river  at  Bassorah  changes  little,  sum- 
mer or  winter,  though  its  level  at  Bagdad,  535  miles  away,  fiaIL5 
materially  during  the  dry  summer  months.  A  strong  southerly  wind, 
if  blowing  up  river  for  souie  time,  will,  together  with  the  rising  tide 
on  the  bar,  raise  the  level  of  the  water  a  foot  or  more  over  its  natural 
high  tidal  mark. 

Occasional  large  canals  extend  for  more  than  2\  miles  into  the  desert 
at  right  angles  to  the  river  and  give  off  numerous  side  canals.  These 
mains  are  navigable  by  large  steam  launches  and  form  the  avenue^s  by 
which  dates  are  transported  to  the  steamere  that  lie  in  the  river  during 
the  shipping  season.  These  large  canals,  planted  for  their  whole 
length  with  palms,  are  in  fact  like  rivers  through  a  great  forest  of 
dates.  The  land  is  so  level  that  apparently  no  engineering  difficulty 
lies  in  the  way  of  an  immense  extension  of  this  canal  system  so  as  to 
take  in  thousands  of  square  miles  of  this  rich  alluvial  desert  which 
stretches  away  to  the  horizon  from  the  comparatively  narrow  strip  of 
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i-€*ady  utilized  land  fringing  the  river  banks.  The  writer  followed 
f>  one  of  the  main  canals  and  reached  the  end  of  the  irrigation  ditches 
►  find,  on  the  very  border  of  the  desert,  luxuriant  patches  of  alfalfa 
1^  tine  looking  10-year-old  date  palms.  (See  PI.  I,  fig.  3.)  The  Arabs 
r«  graduall}',  but  very  slowly,  lengthening  the  canals  and  watering 
lore  de-seil  every  year.  A  great  impetus  was  given  to  date  culture 
&  Alesopotamia  by  the  opening  of  the  Suez  Canal  in  1869.  This 
wrought  the  European  and  American  markets  within  easy  reach  by 
-»ter,  and  enabled  the  growers  to  get  their  dates  to  London  and  New 
"ork  in  time  for  the  autumn  market,  avoiding  the  expense  and  delays 
f  their  transportation  by  camel  across  the  desert.  Large  areas  of 
idlnis  which  were  planted  at  that  time  are  now  in  the  prime  of  their 
productiveness. 

The  method  of  planting  is  determined   by  the  irrigating  ditches, 
vhich  are  large  (often  3  feet  b>'  3  feet)  and  cut  the  ground  up  into 
.mail  rectangular  peninsulas,  10  to  15  by  20  to  80  feet  in  size.    (PI.  I, 
ig.  2,  and  PI.  II,  fig.  2.)     On  each  peninsula  2,  or  sometimes  3,  palms 
tre  set.     (PI.  VII,  fig.  1.)     Often  the  peninsulas  are  much  larger  and 
lold  from  4  to  5  and  even  as  high  as  10  palms.     The  size  of  these 
peninsulas  depends  somewhat  upon  the  permeability  of  the  soil  and 
th<*  height  to  which  the  irrigation  water  rises  in  the  ditches.     On  an 
average  100  palms  are  planted  to  a  ^'djerib,"  which  imit  of  measure  is  a 
trifle  less  than  an  acre.     In  order  to  prevent  the  waters  receding  too 
quickly  from  the  canals  when  the  tide  falls,  dams  of  mud  are  built, 
and  pipes,  or  the  hollow  trunks  of  palms,  are  run  through  them,  which 
permit  the  water  forced  into  the  canals  by  the  rising  tide  to  flow  away 
slowly.     The  length  of  time  during  which  the  canals  are  filled  with 
water  is  more  or  less  under  the  control  of  the  proprietor,  and  as  the 
supply  is  practically  unlimited  no  tax  of  any  kind  is  paid  nor  is  any  regu- 
lation necessary  regarding  its  use.     In  short,  the  Bassorah  date  grower 
has  only  to  see  that  his  ditches  are  kept  in  order,  which  is  an  easy 
matter  where  the  soil  is  as  pure  adobe  as  the  clay  of  a  brickyard  and 
the  Imckwater  of  the  river  will  fill  and  empty  them  twice  every  twenty- 
four  hours.     The  conditions  of  this  form  of  irrigation,  which  might 
be  called  a  tidal  one,  are  quite  ideal  and  so  far  as  known  are  found 
on  such  a  scale  nowhere  else  in  the  world.     Professor  Hilgard,  of  the 
Calif ornia  Experiment  Station,  says  that  the  waters  of  the  Sacramento 
River  are  being  utilized  in  a  similar  way,  but  on  no  such  scale.     With 
the  proper  extension  of  the  canals  on  both  sides  of  the  river  an  area 
covering  several  million  acres  could,  it  is  believed,  be  planted  to  dates 
and  the  Bassorah  region  might  then  supply  the  dates  of  the  world. 

Conditions  in  Bagdad  are  quite  different.  The  banks  of  the  Tigris 
are  high,  often  20  feet  or  more,  and  even  at  its  highest  level  the  water 
never  flows  into  the  irrigating  canals,  but  must  be  lifted  laboriously 
by  means   of   contrivances   of  Babylonian  antiquit}",  called  "chirds." 
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These  are  composed  of  a  set  of  pulleys,  a  bullock-skin  ba^  holdio^  d> 
to  40  gallons,  and  a  rope  attached  to  a  horse  or  bullock,  which  walks 
laboriously  up  and  down  a  steep  dirt  incline,  hoisting  the  water  as 
it  descends  and  lowering  the  bag  into  the  river  as  it  backs  up  tbe 
declivity.  (PL  IV,  fig.  2.)  None  of  our  unpicturesque  but  practicil 
Yankee  windmills,  with  their  ugly  shapes,  has  yet  invaded  the  hanks 
of  the  Tigris,  although  during  the  spring  season,  when  the  water  is 
most  required,  strong,  steady  breezes  are  almost  constantly  blowing. 
Once  lifted  into  small,  shallow  reservoirs,  the  water  is  led  off  hr 
trenches  and  manipulated  in  the  usual  way,  giving  each  palm  a  periodir 
watering  by  filling  its  particular  trench. 

What  the  irrigation  conditions  in  this  region  were  when  Babylon 
was  a  great  city  and  the  whole  country  was  as  thickly  populated  is 
Egypt  is  to-day  can  be  judged  by  a  study  of  the  remarkable  ruins  of 
the  great  canals  and  dams  which  are  to  be  found  in  this  now  desolate 
countrv. 

Sir  William  Willcocks,  K.  C.  M.  G.,  whose  name  is  so  well  known 
from  his  remarkable  work  on  the  Assuan  dam  in  Egypt,  has  recently 
made  a  study  of  the  old  canal  system  of  Chaldea  and  has  drawn  a  mo^ 
vivid  picture  of  the  irrigation  system  of  ancient  Babylon.*  He  shows 
how  favorably  it  compared  with  the  sj'stem  of  ancient  Egypt,  and 
points  out  in  the  following  words  the  cause  of  the  destniction  of  its 
greatest  canal,  the  Nahrawfin,  and  the  consequent  widespread  desola- 
tion  which  was  produced: 

What  was  the  real  cause  of  the  ruin  of  all  this  agricultural  wealth  and  these  great 
cities,  and  the  creation  of  the  vast  deserts  which  we  see  to-day?  An  examination  aC 
the  map  will  make  it  evident.  Those  who  have  seen  the  headw^orks  of  the  Ganges 
Canal  at  Hard  war  in  northern  India,  where  the  rubble  weirs  across  the  shingly  bed 
of  the  Ganges  lead  the  stream  past  Hardwar  into  the  Ganges  Canal  above  the  steep 
bluffs  of  Kankhal,  will  readily  understand  what  I  am  going  to  say.  Letsoch  imagine 
what  would  be  the  fate  of  the  great  Ganges  Canal  if  the  Ganges  River  were  to  defert 
the  Hardwar  channel,  flow  down  the  Budh  Ganga,  and  then  turning  abruptly  west- 
ward eat  away  the  Kankhal  bluffs  until  the  canal  was  cut  into  by  the  river.  It 
would  mean  ruin  to  the  whole  canal  with  its  500  kilometers  of  main  channels  and 
3,500  kilometers  of  minor  channels.     Such  a  fate  has  overtaken  the  NahrawAn  Canal 

The  Tigris  has  a  mean  width  of  under  400  meters,  according  to  information  kindly 
supplied  me  by  M.  Moritz,  librarian  of  the  Khedivial  Library  at  Cairo,  while  the 
lower  heads  of  the  NahrawAn  Canal  have  a  mean  width  of  about  100  meters  each, 
according  to  the  plans  of  Commander  Felix  Jones.  To  insure  the  supply  of  this 
great  canal  we  are,  moreover,  informed  that  the  Tigris  has  constructed  acrr^a  iti 
ancient  bed,  downstream  of  the  intake  of  these  feeder  canals,  massive  rubble  wetns. 
To  me  it  seems  conclusive  that,  in  Chaldea's  evil  day,  the  main  stream  of  the  Tigris 
deserted  its  ancient  bed,  followed  the  scoured  and  degraded  bed  of  the  canal  whoee 
regulating  head  had  been  swept  away,  and  cut  out  a  new  channel  for  itself  at  right 
angles  to  its  old  course.  A  careful  examination  of  the  plans  and  levels  can  lead  to 
no  other  conclusion.     Once  the  river  had  changed  its  course,  the  old  bed  gradually 

«  Willcocks,  Sir  William.  The  Restoration  of  the  Ancient  Irrigation  Works  on  tbe 
Tigris.    Cairo,  National  Printing  Department,  1903. 
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it4^ci  up,  the  river  ate  away  the  feeder  canal  at  the  site  of  the  regulator  whose  ruins 
-<lay  are  in  the  bed  of  the  river,  and  again  ate  away  the  main  NahrawAn  itself 
^t^-een  the  seventieth  and  eightieth  kilometers.  The  ruin  was  complete.  Feeble 
i.x^cla  tiid  what  they  could  to  repair  the  disaster.  The  Beldai  dam  across  the  Dy&la 
eL»  fitrengthene*!  and  the  head  of  the  ISahrawttn  Canal  was  remove<l  t<3  its  one  hun- 
ne<i  and  fifty-second  kilometer.  The  feeble  supplies  of  the  PyAla  River  could  alone 
5  <lej>ended  on,  the  Tigris  gave  no  aid  from  its  ample  waters,  and  a  once  flourish- 
ig  an<i  world-renowned  region  became  a  desert.  The  ruin  on  the  west  bank  was 
|ual1y  great.  The  weirs  which  had  held  up  the  waters  of  the  Tijrris  in  order  to 
•€<3l  tlie  canals  were  turned  and  the  mighty  canals  dwindled  away  into  the  feeble 
ater  fourses  of  to-day.  Commander  Felix  Jones  well  observes:  "The  summit  of 
j>is,  as  we  gaze  around,  affords  a  picture  of  wreck  that  could  scarcely  be  conceived 
it  were  not  spread  at  the  feet  of  the  beholder.  Close  to  us  are  the  dismembered 
-^alls  of  the  great  city,  and  many  other  mounds  of  adjacent  edifices  spread  like  islands 
ver  the  vast  plain,  which  is  as  bare  of  vegetation  as  a  snow  tract  and  smooth  and 
Isisfi-like  as  a  calm  sea.  This  appearance  of  the  country  denotes  that  some  sudden 
n<l  overwhelming  mass  of  water  must  have  prostrate<l  everything  in  its  way,  while 
tie  Tigris,  as  it  anciently  flowed,  is  seen  to  have  left  its  channel  and  to  have  taken 
is  present  course  through  the  most  flourishing  portion  of  the  district,  severing  in  its 
aA<\  career  the  neck  of  the  great  Nahraw&n  artery,  and  spreading  devastation  over 
lie  whole  district  around.  Towns,  villages,  and  canals,  men,  animals,  and  cultiva- 
ioii  must  thus  have  l)een  engulfed  in  a  moment,  but  the  immediate  loss  was  doubtless 
iiiiall  compared  with  the  misery  and  gloom  that  followed.  The  whole  region  for 
i  sj«ce  of  400  kilometers,  averaging  about  30  kilometers  in  brea^lth,  was  dependent 
>ii  the  conduit  for  water,  and  contained  a  population  so  dense,  if  we  may  judge 
Eroin  the  ruins  and  the  great  works  traversing  it  in  its  whole  extent,  that  no  spot  on 
the  globe  perhaps  could  excel  it." 

Of  those  who  were  spared  to  witness  the  sad  effects  of  the  disaster,  thousands, 
perhaps  millions,  had  to  fly  to  the  banks  of  the  Tigris  for  the  immediate  preservation 
of  life,  as  the  region  at  once  bei'ame  a  desert  where  before  were  animation  and 
prosi)erity.  The  ruin  of  the  NahrawAn  is  indeed  the  great  blow  the  country  has 
reeeived.  It«  severity  nuist  have  created  universal  stupor,  and  was  doubtless  fol- 
lowed by  pestilence  and  famine  of  unmitigated  rigor,  owing  to  the  marshes  which 
accumulated  annually  in  the  absence  of  the  dams  on  each  spring  rise  of  the  river. 

It  IS  interesting  to  read  what  the  trained  imagination  of  Mr.  Will- 
cocks  foresees  will  be  the  result  of  the  restoration  of  these  ancient 
irrigation  works  on  the  Tigris  and  his  entirely  preliminary  estimate 
of  the  expense  necessary  to  restore  them.  An  outlay  on  canals  and 
repairs  of  £8,000,000,  he  figures,  will  throw  over  a  million  and  a 
quarter  acres  under  cultivation,  raise  the  value  of  the  land  which  is 
now  worthless  to  $150  per  acre,  and  pay  a  profit  in  rentals  of  25  per 
cent  per  annum  on  the  investment  of  $40,000,000. 

On  page  17  of  the  volume  cited  Mr.  Willcocks  remarks: 

To  enable  a  tnie  estimate  to  be  made  of  tlie  exact  nature  of  the  works  and  their 
cost,  there  Hes  much  information  to  be  collected  by  brigades  of  engineers  working 
under  a  capable  chief — such  information  as  only  exi:)erts  can  gather  through  months 
of  patient  observation  and  field  work — exact  gauge  readings  of  the  Tigris,  Antheim, 
and  Dyftla  rivers;  discharge  diagrams;  analyses  of  the  waters  of  the  rivers;  field 
niaps  of  the  soils;  contoured  mai)s  of  the  <'ountry  on  which  to  lay  down  the  align- 
ments of  the  canals,  and  the  dimensions  of  the  cross-drainage  works;  soundings  of 
the  rivers  and  Iwrings  of  their  ])ed8;  examination  of  the  building  materials  available 
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to  enable  designs  to  he  made  of  regulators  and  egca{)e8,  weirs  and  Un-k^.  ^yvis-  n«i3 
superpassages,  and  all  the  details  which  accompany  a  well-conceived  prc»}eet   "^xt 
works  it  will  take  a  couple  of  years  to  collect;  but  1  have  not  c(»nsiderpd  it  aai**-- 
with  the  aid  of  exi)erience  and  prescience  acquired  in  a  lifetime  of  d*fT«t-  li  t  ■ 
irrigation  works,  to  make  a  rough  preliminary  estimate  of  what  soch  w«'-r£?  w-4i^  , 
cost  and  what  would  be  their  probable  results,  so  as  to  encourage  capital  r>  ptT»  • 
the  collection  of  that  detaile<I  Information  whose  outlines  I  have  just  deei-nbaL 

The  area  of  first-class  land,  waiting  only  for  water  to  yicild  at  om^a  bsa^k'r'tf' 
return,  I  estimate  as  follows: 

West  of  the  old  Tigris t^K  ^'^ 

Between  the  old  and  new  Tigris ^ lN.t»* 

East  of  the  Tigris,  north  of  Bagdad 4i?r*»<' 

East  of  the  Tigris,  south  of  Bagdad 45i.t*t 

Total h'^*.m 

The  cost  of  the  works,  diatx>unting  all  assets,  I  estimate  roughly  as  follows: 
Main  canal,  2(X)  kilometers  by  500  square  meters cubic  metera. .  lOO, 0(4  ••' 

Earthwork,  mahi  canal Jt2,iM\««' 

Weirs  on  the  Tigris riiij»» 

Masonrj''  works,  main  canal,  one-half  the  earthwork h  «M<l''*i& 

Minor  canals,  1,280,0(X)  acres,  at  £3  per  acre 3.  'MtV-'*- 

Total 7.4l».Li»' 

Add  contingencies !Wl',W» 

Grand  total NiM  w<^ 

Cost  per  acre  (£8,000,000-^1,280,000) C 

Valueof  the  land  (1,280,000 acres,  at  £30) 38,#0».»« 

Rent  pt»r  annum  (1,280, 000  acres,  at  £3) S^Si^X  j^ 

If  of  thi(4  sum  nearly  half  is  spent  in  maintenanc*e  of  the  canals,  we  hart>  i  s^ 
return  of  £2,000,000  per  annum,  or  25  per  cent  on  £8,000,000  of  capital.  Let  tl»s 
who  know  Egypt  say  whether  they  consider  such  figures  as  too  sanguine. 

The  date  region  of  the  island  of  Bahrein  is  watered  by  several  nw5 
remarkable  springs,  the  fresh  water  of  which  must  reach  the  island  ^y 
submarine  water  courses.  The  largest  of  these  springs  is  l<«f»  W- 
across  and  27  feet  deep,  and  flows  a  2-mile-an-hour  stream,  with  acrv>^ 
section  of  2  by  8  feet,  or  about  16,000  gallons  per  minute.  This  spring 
alone  waters,  the  British  vice-consul,  Mr.  Gaskin,  states,  about  a  bSi 
million  date  palms  and  if  completely  utilized  could  water  aInK«ta-' 
many  more. 

In  Hassa,  on  tlie  mainland,  tnere  are  underground  water  tn^urse*- 
and  the  date  palms  which  furnish  the  famous  Khakisa  dat«*  prol«Wy 
get  their  water  from  these  underground  sources.  Zwenier  describe 
vast  areas  in  this  region,  now  quite  destitute  of  vegetation,  where  3 or 
4  feet  below^  the  surface  an  abundance  of  sweet  water  is  obtainable.' 

The  river  Lowadi  flows  through  Minab,  and  the  plantations  of  \l^ 
date  region  are  irrigated  In-  it,  according  to  the  statement  of  a  resiA^ 
of  Bunder  Abbas,  the  nearest  port. 

«  Zwenier,  S.  M.     Arabia,  the  Cradle  of  Islam.     New  York,  1901,  \\  112. 
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The  method  of  irrigation  used  in  the  Pan^h  Ghur  region,  where  the 
f aiuous  Mozaty  dat«  is  grown,  must  be  most  peculiar,  for,  according  to 
Lieutenant  Grant,  the  system  of  canals  is  largely  subterranean,  and 
iniiuiuerable  wells  tap  these  underground  water  courses,  which  are 
tunneled  through  the  soil  at  great  expense.  The  levels  are  so  carefully 
studied  that  land  which  is  apparently,  though  not  really,  at  a  higher 
elevation  than  the  supply  well  is  furnished  with  water. 

SECONDARY  CTJIiTXTBSS  BETWEEN  THE  "PAIMS. 

One  may  look  in  vain  for  a  cover  crop  in  use  in  the  date  plantations. 

The  use  of  leguminous  plants  to  enrich  the  soil  seems  to  be  unknown, 

and  although  alfalfa  (called  "djet")  is  grown  in  diminutive  patches  to 

furnish  food  for  the  horses,  the  fellah,  or  Arab  cultivator,  is  generally 

ignorant  of  its  value  for  enriching  the  soil.     Wheat  and  barley  are 

often  sown  among  the  palms,  but  furnish  an  inferior  product.    (PI.  II, 

fig.  2,  and  PI.  IV,  fig.  1.)    The  planting  of  grapevines  has  been  most 

successful  in  Bassorah,  and  the  palm  stems  form  quite  as  admirable  sup- 

portij  between  which  to  train  the  vines  as  do  the  trunks  of  the  mul- 

l>erry  trees  in  the  groves  of  Ital}'  and  the  Tyrol.     The  light  shade 

furnished  b}'  the  trunks  and  crowns  of  the  palms  appears  to  be  none 

too  much  to  protect  the  vines  from  the  excessive  glare  and  heat  of  the 

sun,  and  most  excellent  table  sorts  of  grapes  are  produced.     Other 

fruit  trees,  such  as  figs,  jujubes,  and  pomegranates,  are  also  frequently 

seen  about  the  houses,  and  thrive  ver>'  well.     Altogether,  however, 

there  is  a  barrenness  about  these  palm  forests  which  reminds  one  of 

the  Australian  bush. 

TBEATMENT  OF  THE  SOIL  AND  PLANTINQ  OF  TOUNQ  PALMS. 

Though  pure  silt,  like  that  of  the  Nile  Valley,  the  soil  on  the  Shat- 
el-Ai'ab  is  manured  to  make  it  more  productive  and,  whether  rightly 
or  wrongly,  only  cow  manure  is  considered  suitable,  that  from  the 
horse  stables  being  regarded  as  too  heating.  Such  things  as  artificial 
fertilizers  are  quite  too  modern  for  Arabia,  and  the  value  of  wood 
ashes  and  bone  dust  is  scarcely  appreciated. 

Just  before  a  plantation  is  set  out  with  suckers  the  soil  is  dug  over 
by  hand  to  a  depth  of  18  inches,  and  this  digging  is  repeated  every 
four  years.  Weeding  is  done  when  necessjiry  and  the  surface  of  the 
ground  occasionally  stirred,  but  aside  from  this  primary  treatment  the 
soil  is  given  very  little  attention. 

In  the  matter  of  propagation  the  Arabs  of  Mesopotamia  are  more 
advanced  than  the  Egyptians,  for  they  have  learned  the  practical 
advantage  of  employing  small  suckers.  These  are  seldom  over  6  feet 
long  and  generally  with  few  roots.     They  are  planted  with  the  growing 
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bud  2  or  3  inches  above  the  surface  of  the  soil,  and  for  the  first  month 
are  watered  every  four  davs,  and  later  at  longer  intervals,  as  the  season 
mav  demand. 

There  are  thousands  of  seedlings  called  **degal,' '  but  these  form  a 
small  proportion  of  the  plantations  and  are  recognized  as  bearing  infe- 
rior dates.  The  market  demand  is  for  special  uniform  qualities^  and 
these  seedling  dates  are  excluded  because  of  their  variability.  A  curi- 
ous belief  exists  that  date  seeds,  if  immersed  for  a  few  second>  in 
water  heated  to  nearly  the  boiling  point  before  planting,  will  produce 
a  much  larger  percentage  of  female  trees  than  when  planted  in  the 
ordinarv  wav. 

POLIilNATION. 

The  dates  were  in  flower  in  the  middle  of  March  at  Mohanimerah, 
and  at  Bahrein  hundreds  of  female  blossoms  which  had  been  alreadv 

m 

tied  up  with  the  sprig  of  male  inflorescence  inside  were  seen.  Instead 
of  tying  about  the  female  inflorescence  a  thin  strip  of  palm  leaf,  as  is 
done  in  Egypt  and  Algiers,  the  upper  part  was  wrapped  with  a  piece 
of  the  brown  fibrous  material  which  grows  l)etween  the  leaf  and  the 
trunk  of  the  date  palm.  A  single  male  tree  yields  suflicient  pollen  to 
fertilize  the  flowers  of  one  hundred  female  trees,  but  thei-e  are  espe- 
cially productive  male  varieties  whose  pollen  is  more  abundant,  power- 
ful, and  has  better  keeping  qualities  than  others.  The  name.'^of  three 
of  these,  as  given  by  Mr.  Raphael  Sayegh,  of  Bassorah,  to  whom  the 
writer  is  indebted  for  some  valuable  information,  are:  *'Gunnami"^ 
(S.  P.  I.  8749«),  "  Wardi,''  and  ''  Semaismi."  Of  these  three,  the  first, 
"  Gunnami,''  is  considered  the  best,  and  is  the  only  one  which  the  old 
veteran  date  grower  and  bu3-er,  Hadji  AMuUa  Negem,  of  Abu  Kassib, 
would  recommend  for  planting.  At  Maskat,  or  the  date  valley  of 
Semail,  in  the  interior,  a  special  variety  of  male  is  planted,  but  so  far 
as  could  be  learned  it  has  no  name  except  that  of  "Fachr'  (S.  P.  L 
8761^),  which  means  "male."  In  the  region  back  of  Guadur,  called 
Kej,  the  male  variety  in  use  is  called  ^'Gush"  (S.  P.  I.  8763 «).  As 
young  male  plants  of  the  best  variety  in  each  locality  have  been  secured 
for  introduction,  it  will  be  interesting  to  learn  which  sort  will  thrive 
best  in  America. 

Whether  or  not  the  method  of  pollination  which  has  teen  in  practice 
for  perhaps  six  thousand  3'ears  is  really  the  most  economical  one  may 
be  doubted,  and  some  more  effective  way  will  possibly  be  discovered 
in  the  New  World,  which  has  already  made  so  manj^  improvements  in 
methods  of  agriculture. 

«  The  numbers  in  parentheses  are  those  given  by  the  Office  of  Seeil  and  Plant  Intro- 
duction and  Distribution,  U.  S.  Department  of  Agriculture,  to  the  specimens  sent  to 
America. 
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DIFFEIIENT  VABIETIES  OF  THE  ItEQION. 

There  are  hundreds  of  varieties  of  dates  in  the  Persian  Gulf  region, 
rl y  ever}'  seedling  being  more  or  less  different  from  its  neighbor; 
>\jLt  those  which  have  been  proj^gated  by  suckers  and  are  more  or  less 
.-onimonly  known  by  the  shippers  number  only  about  tw^enty  or  thirty. 
[t  would  be  foreign  to  the  purpose  of  this  paper  to  list  all  of  these 
i«tes,  although  the  time  may  come  when  it  will  be  worth  while  to 
examine  them  all  and  to  station  an  expert  in  the  region  during  the 
Fx'uiting  season  to  search  for  superlative  seedling  sorts,  or  even  with 
tlic  hope  of  finding  among  the  thousands  of  seedling  trees  a  single  one 
svhich  bears  a  seedless  fruit  of  line  quality.  Seedless  varieties  which 
are  not  the  result  of  imperfect  fertilization  are  believed  to  exist. 
\Ir.  Sayegh  show^ed  the  writer,  in  fact,  on  his  own  plantation,  a  single 
tree,  unfortunately  without  suckers,  ^vhich  he  says  has  regularly  pro- 
duced, even  when  properh'  pollinated,  seedless  dates  of  fair  quality, 
though  ripening  late  in  the  season. 

The  dates  which  are  exported  to  the  various  European  and  American 
markets  are  not  the  most  delicious  varieties  grown  in  Arabia  and  Per- 
sia, but  simply  good  packing  and  shipping  kinds.     Different  markets 
demand  different  varieties,  and  the  principal  market  kinds  for  Europe 
and  America  are  the  "Halawn,''  ^'Khadrawi,'"  and  ''Sayer"of  Bas- 
sorah,  the  "Kursi"  of  Bagdad,  and  the  "^Fard"  of  Maskat.     Indian 
and  oriental  markets  call  for  quite  different  .*?orts  from  those  known 
in  America,  generally  of  the  dry  and  boiled  class,  and  such  kinds  as 
the  ''Zehedi,'\'^Brehm,''  "Chupchap,-"  and  '"Mubsli"  are  exported 
to  Bomba}'  and  Singapore,  while  for  general  home  consumption  the 
*^*^Zehedi,"  of  Bassorah  an4  Bagdad,  the  "Garciiwahl""  and  "Murda- 
sing,"  of  Minab,  and  the  "Batna"  kinds  grow^i  along  the  coast  of  that 
name  on  the  Gulf  of  Oman,  are  the  commonest.     Aside  from  these 
dates,  which  are  good  shippers,  there  are  a  large  number  of  kinds 
which  are  highly  prized  for  eating  fresh  from  the  tree — ''rattab'^  as 
they  are  called  in  Arabic.     The  best  of  these  are  likely  to  prove  of 
special  interest  to  the  date  growers  of  America,  where  easy  access  to 
large  cities  will  make  the  creation  of  a  market  for  fresh  table  dates  a 
possibility.    Unfortunately,  the  notes  secured  on  the  compai'ative  excel- 
lence of  these  different  rattab  varieties  had  to  be  taken  second  hand, 
as  the  visit  of  the  writer  to  the  Persian  Gulf  was  made  in  March  and  the 
dates  in  this  localit}'  ripen  from  June  to  October.     There  are,  further, 
no  Europeans  in  the  region  whose  interest  in  these  fresh  varieties  has 
prompted  them  to  make  a  study  of  their  qualities.     In  the  spelling  of 
the  different  names,  even,  much  variation  exists,  as  it  is  often  difficult 
to  find  the  ecjuivalent  letter  for  an  Arabic  sound  and  all  words  are 
spelled  phonetically.     There  is  considerable  variation  in  the  Arabic 
pronunciation  as  well.     The  continental  value  of  the  vowels  has  been 
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taken  in  spelling  the  names  in  the  list  given  below  and  the  numljers 
which  correspond  with  detailed  descriptions  that  have  been  made  out 
for  the  records  of  the  Office  of  Seed  and  Plant  Introduction  and  Di'^ 
tribution  and  which  accompany  young  plants  or  seeds  of  the  various 
sorts  that  have  been  sent  to  the  Ignited  States  Department  of  Agri- 
culture or  to  the  trial  gardens  in  Arizona  have  been  put  opposite  the 
names.  The  dried  dates  of  some  varieties  have  been  secured  to  a.<<i< 
in  the  meager  descriptions. 

IJAGDAD   VARIETIES. 

A'u^tawi.  (S.  P.  I.  8738^).  A  medium  to  large,  oblong,  soft,  sticky 
date,  ripening  in  August,  with  stone  of  small  size  and  little  or  no  filler 
or  "rag.""  Skin  a  light  golden  brown,  very  delicate  in  texture  and 
adhering  to  the  soft  golden  flesh,  which  is  of  exquisiteh'  rich,  sweet 
date  flavor.  Too  delicate  for  jMicking  in  the  usual  way,  though  keep- 
ing well  until  April.  Said  to  be  fairly  productive,  but  a  delicate  tree, 
suited  to  adobe  soils  with  an  admixture  of  sand,  and  will  withstand  a 
temperature  of  17"^  F.,  or  possibly  lower. 

Atichrra^n!,  (S.  P.  I.  S739.)  A  medium-sized,  ovate,  seaiidry  date, 
ripening  in  September,  generall}'  not  sticky,  but  ejisih'  handled  with- 
out soiling  the  fingers.  Stone  small  in  comparison  with  the  flesh. 
Some  fiber,  but  not  an  objectionable  amount.  Skin  of  stem  end  dry. 
straw  colored,  but  at  tip  translucent  and  of  amber  hue;  of  mediiun 
thickness  and  closely  attached  to  the  rather  hard  but  sugary,  sweet 
flesh,  which  is  of  excellent  flavor.  As  seen  in  March  in  Bagdad,  these 
dates  are  not  packed  in  mat  bags  or  boxes,  but  are  sold  in  dry  shape. 
Grown  in  ado})e  soil,  and  reported  to  be  a  vigorous  sort,  hardy  at 
17*^  F.,  or  even  lower,  and  in  special  favor 'among  both  Christians  and 
Mussulmans,  the  former  of  whom,  however,  prefer  it  to  all  other  sorts 
to  eat  with  English  walnuts. 

Be<b*aih(>,  (S.  P.  I.  8740.)  A  small,  ovate  to  oblong,  dr^-  date,  ripen- 
ing late  in  September.  Not  at  all  sticky,  with  good-sized  stone,  and 
more  or  less  fiber  about  it.  Skin  straw  color,  with  occasional  trans- 
lucent  amber-colored  spots  near  the  tip;  of  parchment  texture  and 
sticking  closely  to  the  dry  flesh,  which  is  full  of  sugar.  Not  packed, 
but  allowed  to  dry  on  the  tree,  though  when  fresh  of  soft  consistency 
like  ordinary  sorts.  Eaten  as  commonly  b}-  Bagdadians  as  any  sort  of 
date;  easy  of  cultivation  and  capable  of  withstanding  a  winter  tem- 
perature of  17^  F.,  and  possibly  lower.  Grown  in  adobe  soil  by 
irrigation. 

Jffktfnfi,  (S.  P.  I.  8741.)  According  to  the  description  given  the 
writer,  a  superior  sort  of  the  ^'Kustawi,''  but  resembling  it  closely. 

«Thc  numbers  in  parenthosos  refer  to  the  records  of  the  Office  of  Seed  and  Plant 
Intro<iiu'tion  and  Distribution,  U.  S.  Department  of  Agriculture. 
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ing  a  soft,  sticky  date,  with  small  stone,  no  fiber,  and  a  beautiful 
5^olden-brown  skin  which  adheres  closely  to  the  golden,  brownish- 
jrellow  flesh.  The  sort  ripens  probably  about  the  same  time  as  the 
'^  K^ustawi,'"  i.  e.,  in  August,  and  is  doubtless  a  delicate  variety  to  culti- 
v^a.t:e.  This  date  is  considered  by  the  Arab  sheik  Abdul  Kader 
KLodery,  of  Bagdad,  one  of  the  best  two  sorts  in  Arabia. 

Jianii,  (S.  P.  I.  8742.)  A  small,  short,  oblong  date,  ripening  in 
J  vil y  or  August  in  Maskat.  When  fresh,  highh^  appreciated  as  a 
t:al)le  date,  but  generally  boiled  to  form  the  "Karak  pokhta"  before 
fully  ripe.  Formerly  shipped  to  America  from  Maskat.  It  is  thought 
t;biat  this  variety  is  of  Maskat  origin,  for  it  is  little  known  in  Bagdad. 
It  will  probably  prove  more  susceptible  to  cold  than  other  sorts  from 
Ragdad.     Grown  in  adobe  soils. 

ZehedL     (S.  P.  I.  8743.)     A  small,  oblong,  dry  date,   ripening  in 

fc^eptember  to  October.     Stone  of  medium  size  and  surrounded  with 

considerable  fiber.     Skin  straw  colored  and  tough,  sticking  closely  to 

the  dry  but  sweet,  mealy  flesh  of  fair  flavor.     Sometimes  packed  in 

bags  or  cases  and  called  ''  Kursi,'-  but  generally  allowed  to  dry  on 

the  tree.     This  is  said  to  be  the  hardiest,  most  resistant  to  drought 

and  alkali,  and  one  of   the  most  productive  palms   in   the   region. 

Although  considerably  inferior   to  the  "Bedraihe,"'  it   nevertheless 

develops  so  quickly  and  yields  so  heavily  that  it  is  very  commonly 

planted.     Often  sold  fresh  attached  to  the  clusters  as  ''Zehedi  gus." 

In  the  form  called  "Kursi'"  it  is  of  a  golden-yellow  color,  but  much 

inferior  in  flavor  to  "Kustawi "  or  ''Khadrawi."    One  of  the  commonest 

dates  in  Bagdad. 

Barhaii,  (S.  P.  I.  8744.)  A  date  ripening  at  Bagdad,  according 
to  information  given  b}'^  a  grower,  in  July,  and  of  onh^  mediocre 
quality.  Ver}^  dark  in  color  and  not  very  sweet.  Rarely  cultivated 
in  the  region  and  not  well  thought  of  generally.  Valuable  principally 
for  its  early  ripening  habit  and  probable  resistance  to  cold. 

SukerL  (S.  P.  I.  8745.)  A  very  large  date,  2  inches  or  more  in 
length,  and,  when  fresh,  of  excellent  quality.  Rarely  cultivated  and 
the  writer  could  not  learn  much  about  it,  except  that  it  is  not  a  good 
variety  for  shipment. 

TahcrzdL  (S.  P.  I.  8794.)  From  dry  specimens  sent  in,  the  w^riter 
was  unable  to  obtain  a  good  idea  of  this  date,  but  should  describe  it 
as  a  small,  oblong,  soft  variety,  which  ripens  late  in  September.  It 
has  a  small  stone,  no  fiber  (or  at  least  extremely  little),  and  a  dark, 
amber-colored  skin,  which  separates  readily  in  dry  specimens  from  the 
dark-brown  flesh.  The  latter  is  of  a  caramel  consistency,  but  has  a 
most  delicious  flavor,  and  the  variety  can  be  eaten  without  soiling 
the  hands,  as  the  skin  is  quite  dry.  When  fresh,  said  to  resemble  very 
closely  the  *'Berhi,"  of  Bassorah,  though  when  dry  there  is  scarcely 
any  resemblance.    A  rare  date  in  Bagdad,  but  ver}^  highly  thought  of 
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there.  This  fruit  was  not  seen  on  the  market  and  onlv  seeds  wens 
obtainable  during  the  writer's  short  sta}',  but  suckers  luay  ix)ssibly  he 
obtained  through  correspondence  with  the  United  States  vice-c-onsuU 
Mr.  Rudolph  Hurner,  of  Bagdad. 

Mlrhage.  A  variety  reported  to  be  grown  in  ^fandalay,  some  three 
days'  journey  from  Bagdad.  Sheik  Abdul  Kader  Kedery,  of  Bagdad* 
said  it  was  the  finest  date  he  knew,  resembling  the  "Maktuni/'  but  of 
even  finer  quality.  It  was  not  obtainable  during  the  writer's  >tay. 
but  may  possibly  be  had  by  correspondence  with  the  United  State^ 
vice-consul  in  Bagdad. 

BASSORAH   VARIETIES. 

Berhi,  (S.  P.  I.  8746.)  Considered  by  many  as  the  best  soft  date 
in  the  region.  Of  medium  size,  not  so  sticky  as  the  ordinary  dates, 
with  small  stone,  no  fiber,  skin  of  amber  to  golden  brown,  of  thin  but 
firm  texture,  tightly  attached  to  the  soft,  luscious,  rich-flavored,  brown 
flesh.  The  most  productive  of  all  sorts  in  the  Bassorah  region,  accord- 
ing to  Hadji  AbduUa  Nigem.  Up  to  the  present  time  not  exported, 
but  sure  to  form  one  of  the  highest-priced  exix)rt  dates  to  America 
because  of  its  dry  skin  and  exceptional  lusciousness.  An  eas}*  variety 
to  cultivate,  but  requiring  an  abundance  of  water.  Grown  in  a  stiff 
adobe  soil. 

HiVtfzL  (S.  P.  I.  8747.)  A  date  resembling  the  standard  market 
sorts  like  ''Halawi,"  but  of  a  much  more  delicious  flavor.  Samples 
sent  to  New  York  were  pronounced  by  date  bm^ers  the  finest  dates 
they  had  ever  tasted.  Color  light,  size  medium,  ripening  in  Septem- 
ber in  Bassorah.  A  little-known  sort  from  Abu  Kassib,  the  Bassorah 
date  center. 

Saijtr  (or  Udaamran).  (S.  P.  I.  8748.)  A  soft  date  of  medium  size 
and  dark  color,  with  medium-sized  stone  and  a  small  amount  of  fiber. 
One  of  the  sorts  at  one  time  exported  to  New  York;  now  superseded 
b}^  others.  Said  to  do  best  on  a  light,  sandy  soil  and  to  require  less 
water  than  the  ordinary  varieties. 

IlalmrL  (S.  P.  1.  8750.)  There  are  probably  as  many  }>earing  trees 
of  this  one  sort  in  Mesopotamia  as  of  any  other,  as  it  is  the  great 
shipping  date  and  the  favorite  on  American  and  London  markets.  It 
is  a  medium-sized,  soft  date,  of  sticky  consistency,  and  ripens  in  Sep- 
tember. The  stone  is  medium  to  small;  there  is  little  fiber  present, 
and  the  light-brown  skin  of  delicate  texture  sticks  closely  to  the  flesh, 
which  is  abundant  and  of  a  deep-brown  color,  golden  towaixi  the  stone. 
It  possesses  a  strong  date  flavor  and  is  of  unusual  sweetness.  It  is  one 
of  the  best  packing  dates,  as  it  keeps  well  and  can  be  sent  all  over  the 
world.  A  fairly  productive^  sort,  but  confined  in  its  culture  to  an 
adobe  soil  with  plenty  of  water.  It  is  not  grown  outside  of  the  Bas- 
sorah region,  it  is  said. 
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KhadrawL  (S.  P.  I.  8751.)  A  longer-shaped,  darker-colored, 
softer  date  than  the  '*  Halawi,"  but  ranking  second  among  the  export 
varieties  and  maturing  in  September.  It  is  not  of  so  rich  a  tiavor  as 
the  Halawi,  which  it  resembles  in  other  respects,  but  may  prove  more 
adaptable  to  the  conditions  in  Arizona  and  California. 

HAS8A    VARIETIES. 

The  few  hours  spent  in  Bahrein,  in  the  pearl  islands,  which  lie  55 
miles  or  so  from  Hassa,  made  it  expedient  for  the  w^riter  to  confine  his 
attention  to  securing  a  single  superlative  variety,  for  which  an  armuge- 
ment  was  made  through  the  kindness  of  the  British  Consul,  Mr.  Gas- 
kin.     There  are  doubtless  inferior  dates  in  Hassa. 

Kliolma  (or  Khahui),  (S.  P.  I.  8753.)  A  medium-sized,  ovate, 
sticky'  date,  with  small  stone  and  no  fiber,  ripening  as  early  as  August 
in  the  region  of  Ha.ssa.  The  skin  is  a  golden  brown  and  of  most 
delicate  texture,  covering  closely  the  rich  golden  flesh,  which  is  of 
excjuisite  date  flavor  and  with  the  consistency  of  a  chocolate  cammel. 
Said  to  be  a  delicate  packer,  and  never  exported  except  in  the  form  of 
present^.  It  has  the  renown  all  over  the  Persian  Gulf  region  of  being 
the  most  delicious  date  in  the  world.  Of  its  productiveness  or  hardiness 
little  is  known,  but  it  is  probable  that  a  sandy  will  suit  it  better  than 
an  adobe  soil,  as  it  comes  from  the  sandy  region  of  Hassa,  which  is 
fed  by  underground  water  courses.  This  variety  probably  requires 
surface  irrigation  also. 

JASK   VARIETIES. 

It  was  possible  to  learn  only  the  names  of  the  best  dates  grown  in 
the  interior  behind  Jask  from  the  gardener  of  the  Persian  telegraph 
station  at  that  place.  They  are  called  ''Kharoo,"  ^'Shakari,"  ''Nim- 
kadami,^' and  '"Zarek,"  and  the  ''Shakari"  is  said  to  ripen  some  of 
its  fruits  in  May(?).  The  former  director  of  the  telegraph  station, 
Mr.  G.  W.  Mongavin,  stated  that  at  Bashkhara,  five  to  six  days'  camel 
ride  into  the  interior,  some  very  superior  dates  are  grown,  but  he 
could  not  give  their  names. 

BUNDER   ABBAS   VARIETIES. 

Minab  is  the  date  region  of  which  Bunder  Abbas  is  the  nearest  port, 
and  according  to  the  "  dabach,"  or  ship's  chandler,  who  has  lived  in  the 
region,  the  best-known  sorts  are  the  '•Halawi,''  ''(iardiwalil,"  "Mur- 
dasing,"  and  ''Fard."  The  most  superior  of  these  is  said  to  be  the 
"Murdasing." 

MASKAT  VARIETIES. 

Fard.  (S.  P.  I.  8754.)  One  of  the  commonest  dates  in  the  American 
markets.     More  than  1,000  tons  are  said  to  be  exported  from  Maskat 
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every  year,  coming  from  the  Semail  Valley,  50  miles  in  the  interior. 
A  medium-sized  date,  longer  and  narrower  than  the  ""Halawi"'  or 
"Khadrawi/'  and  belonging  to  the  soft,  sticky  type.  Stone  medium 
large,  with  little  fiber  about  it.  The  skin  is  of  finn  texture  and  dark 
brown  in  color,  fitting  closely  to  the  deep  amber-colored  flesh,  which 
is  of  a  strong,  rich,  date  flavor,  but  not  of  quite  such  fine  texture  as  the 
"  Halawi"  or  "  Berhi."  As  a  packing  date  it  is  the  best  in  the  region, 
although  maturing  late  in  the  season  for  Maskat,  i.  e.,  in  August.  It 
is  adapted  to  the  hottest  regions  of  America  and  probably  to  a  sandier 
soil  than  that  suited  to  the  '"Halawi." 

Bumi,  (S.  P.  I.  8755.)  See  '^Burni"  of  Bagdad  (S.  P.  I.  M4:>)  for 
the  description  of  a  date  which  the  writer  believes  to  })e  the  same  as 
this  Maskat  "  Burni."" 

Xagal,  (S.  P.  I.  8756.)  A  small,  soft,  sticky  date,  ripening  ]>efore 
anv  other  sort  in  Maskat — as  earlv  as  June — ^and  eaten  exclusivelv  as 
rattab  or  in  fresh  condition.  It  has  a  light-colored  skin,  and  its  fle^h 
is  inferior  in  flavor  to  "  Fard,"  but  it  is  keenly  appreciated  by  Euro- 
peans as  well  as  Arabs,  because  the  first  fresh  date  brought  to  the  mar- 
ket. Of  particular  interest  to  American  date  growers,  on  account  of 
its  earliness,  which  maj'^  enable  it  to  ripen  good  fruit  farther  north 
than  the  other  sorts.  Secured  through  the  kindness  of  United  States 
Vice-Consul  Mackirdv  at  Maskat. 

Muhsali.  (S.  P.  I.  8757.)  A  long,  narrow,  unusually  large  variety, 
cultivated  for  boiling  purposes.  Stone  large  and  with  some  little 
fiber  about  it.  Prepared  for  market  by  Iwiling  the  still  unripe  fruits 
for  an  hour  in  water  to  which  a  large  handful  of  salt  per  gallon  has 
been  added,  and  drying  in  the  sun.  After  this  prepamtion  the  flesh 
is  hard  and  tastes  like  candy,  but  it  is  generally  slightly  astringent, 
particularly  if  improperly  prepared.  There  is  a  large  demand  in  India 
for  this  date,  where  it  is  used  at  wedding  and  other  feasts,  and  big 
prices  are  paid  for  it,  making  it,  it  is  said,  the  most  profitable  date 
grown  about  Maskat. 

K/uinezL  (S.  P.  I.  8758.)  An  almost  globular  date  of  the  soft, 
sticky  type,  consumed  locally  in  Maskat  as  rattab,  ripening  in  July, 
and  considered  one  of  the  best  of  the  early  dates.  Not  a  packing  sort^ 
and  keeping  only  a  short  time.  From  the  valley  of  Semail,  50  miles 
in  the  interior. 

Khaxmh,  (S.  P.  I.  8759.)  A  soft,  sticky  date  of  red  color,  some- 
what shorter  than  the  ''Fard '"  and  ripening  in  August.  Not  shipped, 
but  eaten  fresh  or  soon  after  ripening.  One  of  the  heaviest  yielders 
in  the  region,  a  single  tree  bearing,  according  to  rough  estimates,  as 
much  as  450  pounds.  From  the  Semail  Valley,  and  suited  to  culture 
in  the  hottest  regions  of  the  United  States. 

Iltllali  (S.  P.  I.  8760.)  A  round  date  of  the  shape  of  an  English 
walnut,  but  smaller,   with  light-yellow  skin,  borne  in  exceptionally 
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i^^e  bunches.     A  rare  sort  even  in  Maskat,  consumed  locally  as  rattab 
^d   considered  by  the  inhabitants  as  of  excellent  quality. 

(JUADUR   VARIETIES. 

X  t  was  impossible  to  secure  much  information  regarding  the  region 
il^ind  from  Guadur.  The  port  is  that  from  which  Pangh  Ghur  and 
SI^c^j  are  reached  by  caravan  ;  the  former  is  thirteen  days',  the  latter 
>Tily  six  days'  journey.  Through  the  kindness  of  Lieuts.  W.  H. 
vXti.xwell  and  W.  O.  Grant,  of  the  First  Baluchistan  Light  Infantry, 
t:«i.tioned  at  Kurrachee,  a  native  Baluchistan  servant  was  sent  as  far  as 
il^j  and  secured  from  Rostom  Khan,  younger  brother  of  the  Nazim, 
>T*  native  ruler  of  the  province,  a  collection  of  young  plants  of  the 
o<^5^t  varieties  grown  there.  These  were  brought  down  to  Guadur, 
xcreonipanied  with  labels  bearing  the  name  only,  and  comprising  twenty- 
four  varieties,  among  which  was  the  famous  '"Mozaty."  The  fruit  of 
tilnis  sort  is  sent  to  Kurrachee  sometimes  as  a  delicacy,  and  is  packed  in 
small  earthen  jars  preserved  in  the  sirup  of  inferior  dates.  As  eaten  in 
TCurrachee  in  February  the}'  impressed  the  writer  as  the  richest-flavored 
dates  he  had  ever  tasted.  The  following  list  is  made  up  from  the  labels 
found  on  the  palms,  though  there  may  have  been  some  confusion  of 
the  names  previous  to  the  time  of  delivery  of  the  plants : 

Mozaty  (or  Mozati).     (S.  P.  I.  8762.)  '  Chupshook    (or  Triipehook).     (S.  P.  I. 

Ou8h,  a  male  variety.     (S.  P.  I.  8763.)  8775.) 

Apilandon.     (S.  P.  I.  87W.)  Korroo.     (S.  P.  I.  8776.) 

Sofynt  Gora.     (S.  P.  I.  8765.)  Rogarii.     (S.  P.  I.  8777.) 

Hashna.     (S.  P.  I.  8766.)  Churpan.     (S.  P.  I.  8778.) 

Oonzelli.     (S.  P.  I.  8767.)  |  Kharba.     (S.  P.  I.  8779.) 

Jalghi  (or  Jalka).     (S.  P.  I.  8768.) 

Bagum  Jurghi(or  Junghi ).  (S.  P.  1. 8769. ) 

Shukkeri.     (S.  P.  I.  8770.) 


Dundari.     (S.  P.  I.  8780.) 
Subzoo.     (S.  P.  I.  8781.) 
Gond  Gorbug.     (S.  P.  I.  8782.) 


Koroch.  (S.  P.  I.  8771.)  i  Washclont   (or   Washclunt).     (S.   P.  I. 

Hallani.  (S.  P.  I.  8772.)                                   8783.) 

Shapego.  (S.  P.  I.  8773.)  ,  Kalara  (or  Kularu).     (S.  P.  I.  8784.) 

Dishtari.  (S.  P.  I.  8774.)  ,  Hurshut  (or  Hurshud).    (S.  P.  I.  8785.) 

DISEASES  AND  PESTS. 

Altogether,  the  palms  of  the  Persian  Gulf  region  are  most  remai'k- 
ably  healthy.  So  far  as  could  be  learned  they  suffer  from  no  serious 
disease,  and  none  of  the  shippers  or  growers  could  name  a  single  malady 
which  had  at  any  time  done  much  damage  to  their  estates.  On  a  few 
palms  at  Bassorah  several  leaves  were  observed  that  wei'e  attacked  l)y  a 
small  ash-colore<l  scale  insect  {ParJaf()7*ta  plaiiehardi  Tar.  Tozz.),  which 
is  common  in  other  parts  of  the  world;  but  even  this  was  doing  little 
damage.  In  comparison  with  the  palms  of  Egypt  and  Algeria  they 
were  most  striking!}'  clean  and  healthy  looking.  The  dry  dates  are 
often  attacked  in  the  storehouses  by  an  insect  (which  the  writer  was 
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unable  to  see)  which  leaves  an  excrement  in  the  cavity  ne^r  the 
but  the  soft  varieties  in  this  region  were  remarkably  free  from  in^efl 
of  any  kind. 

One  might  imagine  that  there  would  be  during  the  date  e^i-iiir 
host  of  birds  and  small  animals  which  would  feast  on  the  ripeci^| 
dates,  but  curiously  enough  the  growers  were  not  able  to  name  a  ^ 
gle  troublesome  pest  of  this  character.  Even  the  date  bird  i^  Tf\ 
believed  to  live  on  the  dates;  at  any  rate  does  no  serious  damage. 

The  principal  enemy  of  the  date  in  Mesopotamia  is  the  •"shamaL*] 
wind  blowing  across  the  desert  laden  with  hot  sand.  If  this  ck.i^ 
before  the  dates  have  sufficiently  matured  it  drie.s  them  up  and  cma 
them  with  dust,  checking  their  development  and  soiling  them  .m^  tia 
they  are  refused  by  the  European  and  American  importers.  Last  ?a 
son's  crop  (1900)  at  Bassomh  was  seriously  injured  in  this  way.  and  t^ 
writer  was  told  that  the  export  was  reduced  from  nearly  2.*-»Hjj>i.«t 
about  1,000,000  cases. 

COST  AND  PROFITS   OF  DATE  CTJI^TUKB. 

Twenty  years  ago  in  Mesopotamia  handsome  profiles  were  made  6y 
Europeans  in  the  date  packing  and  shipping  business,  but  of  recesl 
years  the  native-born  Jews  have  learned  how  to  pack,  and  have  serf 
ously  reduced  the  gains  to  be  made  in  date  exporting.  The  repn^ 
sentative  of  one  of  the  largest  concerns  at  Bassorah  informed  tk 
writer  that  last  year  some  of  the  packers  actuall}'  carried  on  busine* 
at  a  loss  in  order  to  keep  their  brands  on  the  market,  and  that  ren 
small  profits  were  made  by  any  of  the  firms.  This  was  owing  to  thf 
poor  crop  and  a  glutted  home  market,  with  many  cases  left  overfroffl 
the  preceding  year. 

With  the  date  grower,  matters  are  somewhat  different.  His  expense? 
for  the  maintenance  of  the  garden  are  small  and  the  cost  of  market- 
ing the  product  slight,  so  that  he  realizes,  according  to  a  conservative 
estimate  given  by  the  manager  of  one  of  the  large  firms  in  Bassorah, 
on  an  average  about  6  to  6  per  cent  profit.  In  an  especially  good 
3^ear  his  profits  might  reach  10  per  cent,  but  would  hardly  surpass  tbi> 
figure.  It  is  next  to  impossible  to  find  out  how  well  date  culture  pay? 
in  this  region,  for  the  Ambs  do  not  keep  careful  books  of  their 
expenses.  From  a  reliable  source,  however,  it  was  ascertained  that 
one  large  proprietor  netted  last  year — which  was,  however,  an  excep- 
tionall}'^  bad  season — less  than  2  per  cent  on  the  estimated  value  of  the 
estate.  So  it  is  evident  that  the  profits  of  date  growing  on  the  Sliat- 
el-Arab  are  no  more  sure  than  those  of  any  other  agricultural  businei?s. 

The  mudir,  or  business  manager,  of  the  Sultan's  large  estates  at 
Auiara  remarked  that  the  Turkish  Government  levies  a  tax  of  2  piasters 
(about  8  cents)  per  year  on  every  palm  in  Bagdad,  li  piasters  in  Amara* 
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d  from  15  to  180  piasters  per  hundred  palms  in  Bassorah,  according 
the  location  and  bearing  condition  of  the  trees.  This  does  not,  how- 
er,  in  any  sense  represent  the  full  amount  of  taxation  to  which  a 
te  planter  is  subjected,  for  there  are  many  ways  by  which  the  rate 
10  to  15  per  cent — which  is  commonly  spoken  of  as  prevailing — is 
ide  up.  The  methods  of  its  collection  and  the  hindrances  to  quick 
Aiisactions  form  no  inconsiderable  part  of  the  heavy  yoke  which  is 
iposed  upon  the  Arab  landowner  in  his  own  land.  The  large  land- 
rner  suffers  less  proportionately  than  the  small  one,  for  he  can  pre- 
jnt  the  overappraisement  to  which  the  assessors  subject  the  poor  and 
norant  peasant. 

PACKINa  AND  SHIPMENT  OF  DATES. 

Dates  are  no  doubt  one  of  the  stickiest,  most  difficult  fruits  in  the 
orld  to  keep  clean,  and  the  Persian  Gulf  varieties  are  perhaps  par- 
cularly  hard  to  pack  in  an  attractive  shape;  but  nevertheless  the 
ories  which  one  hears  in  the  region  of  the  conditions  in  the  packing 
leds  and  the  personal  uncleanliness  of  the  men,  women,  and  children 
ho  put  up  the  dates  are  enough  to  disgust  a  sensitive  person  and 
>  prevent  his  ever  eating  packed  dates  again  without  having  them 
ashed.  No  old  inhabitant  thinks  of  eating  a  date  without  fii-st  thor- 
ughly  washing  it  in  a  glass  of  water,  unless  the  cook  has  prepared  it 
eforehand,  and  the  sale  of  dat<^s  in  America  might  fall  off  decidedly 
rere  it  generally  known  how  intimately  the  unw^ashed  hands,  bodies, 
Dd  teeth  of  the  notablv  tilth v  Arabs  often  come  in  contact  with  the 
ates  which  are  sold  hy  every  confectioner.  Shippers  claim  they  have 
ried  better  methods  of  packing  but  found  that  they  did  not  pay,  for 
lie  Persian  Gulf  date  is  expected  to  be  obtainable  for  about  5  cents  a 
ound.  From  the  small  pound  'boxes  which  were  used  last  year  it 
rould  seem  that  the  packers  have  not  yet  learned  the  art  of  making 
hem  as  attractive  as  the  Algerian  dates,  which  fetch  as  high  as  40 
ent8  for  a  box  of  less  than  a  pound.  It  is  probably  ti*ue  that  the  com- 
tton  varieties  in  this  region  are  too  full  of  sinip  to  pack  well  in  the 
ray  that  such  a  sort  as  the  ''  Deglet  Noor,"  of  Algeria,  is  put  up,  but  it 
»  almost  certain  that  varieties  can  be  found  which  could  be  treated  in 
.  similar  manner  and  could  compete  with  this  sui)erlative  sort  of  North 
Lfrica.  The  length  of  time  which  the  fruit  is  allowed  to  hang  on  the 
ree  has  presumably  something  to  do  with  the  stickiness  of  the  skin, 
or  there  are  in  Arabia  dates  of  good  quality  with  dry  skins,  which, 
rhen  packed  in  the  ordinary  way,  are  indistinguishable  from  the 
ordinary  sticky  kinds.  Under  present  conditions  there  is  little  pros- 
)ect  of  any  radical  change  being  made  in  the  old  methods  of  packing. 
Scarcely  any  of  the  packing  firms  own  date  plantations,  but  obtain 
;heir  dates  from  the  Arab  landowners  through  trusted  Aral)  buyers. 
Some  of  these  buyers,  who  have  l)een  in  the  business  for  many  years,  are 
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intrusted  with  £10,000  to  £20,000  m  cash  at  a  time,  with  which  they 
purchase  the  tons  of  dates  that  are  necessary  to  supply  the  packing 
sheds.  As  in  most  businesses  of  this  kind,  there  are  risks  to  be  taken, 
for  the  packer  must  buy  in  August  and  sell  in  November,  during 
which  time  the  price  may  have  fluctuated  considerably.  It  require* 
good  judgment  to  decide  how  much  to  paj'  in  August  for  November 
delivery.  The  New  York  shipments  to  be  most  profitable  must  be  in 
before  Tlianksgiving  Day,  and  when  this  comes  unusualW  early  in  the 
month  the  packers  have  their  hands  full  to  get  their  shipments  through 
in  time.  Last  season  two  steamer  loads  went  direct  from  Bassorah  to 
New  York,  and  though,  owing  to  the  bad  crop  and  glutted  market, 
this  venture  did  not  prove  a  great  success,  the  experiment  will  probably 
be  made  again  the  coming  year. 

THS  DATE  AS  A  FOOD. 

The  doctors  seem  agreed  that  sweet  things  in  excess  are  injurious  to 
the  digestion,  and  the  dentists  claim  that  sugar  ferments  between  the 
teeth,  forming  lactic  acid  which  attacks  the  dentine;  but  for  all  this,  it 
is  doubtful  if  there  can  be  found  a  sounder,  stronger  race,  with  better 
digestion  and  finer,  whiter  teeth  than  the  date-eating  Arabs.  The 
town  Arabs  and  the  Arabs  of  the  seacoast  eat  quantities  of  dried  fish 
and  other  sea  animals,  but  the  denizens  of  the  Arabian  desert  live  almoe^t 
exclusively  upon  dates  and  bread,  with  occasional  feasts  of  sheep, 
goat,  or  chicken.  Travelers  across  those  deserts  report  that  3  pounds 
of  dates  and  a  few  thin  loaves  of  hard  wheat  bread  per  day  will  keep 
an  Arab  in  good  health  for  years.  The  quantity  of  these  packed  dates 
that  a  healthy  Arab  can  consume  at  a  sitting  is  astonishing.  Two 
pounds  would  not  be  much  more  than  an  ordinary  meal.  The  remark 
able  physique  of  the  Arabs  and  their  resistance  to  the  almost  unbear- 
able heat  of  their  country  might  l>e  attributed,  in  part  at  least,  to  the 
nature  of  their  simple  food.  At  anj^  rate,  a  thorough  investigation  of 
the  food  value  of  the 'date  and  its  adaptability  to  the  formation  of 
foods  for  our  hot  summer  season  should  be  made,  and  possibly  this 
wonderful  vegetable  product,  which  is  now  used  in  America  only  as  a 
second-class  confection,  might  be  utilized  as  a  basis  of  a  nutritioiLs  new 
food.  Such  investigations  will  never  be  made  in  that  part  of  the  world 
where  the  dates  are  grown,  but  must  be  undertaken  by  some  country 
like  America  which  is  interested  in  increasing  the  number  of  its  food 
products. 
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DESCRIPTION  OF  PliATEB. 

Plate  I.  ( Frontiepiece. )  Fig.  1. — The  old  canal  of  Bassorab,  which  leads  from  the 
Shat-el-Arab  River  up  to  the  town  of  Ba^orah  through  plantations  of  date 
palms.  Fig.  2. — A  new  plantation  of  dates  at  Bassorah,  showing  how  closely  to 
one  another  the  irrigation  ditches  are  run.  Barley  is  grown  on  these  areas  in 
which  the  young  pahns  have  just  lieen  set.  Fig.  3. — The  border  of  the  area  at 
Bassorah  which  is  watered  by  tidal  irrigation.  Patches  of  alfalfa  grow  on  the 
newly  irrigated  areas. 

Plate  II.  Fig.  1. — An  old  date  garden  at  Bagdad,  the  property  of  Sheik  Abdul  Kader 
Kedery ,  one  of  the  richest  date  planters  in  the  region.  Fig.  2. — Irrigation  ditches 
of  a  new  plantation  at  Bassorah,  showing  the  frequency  of  the  canals,  the  nature 
of  the  soil,  and  in  the  background  the  primitive  habitations  of  the  date  peasants 
Fig.  3. — Typical  village  and  date  palms  on  the  old  Bassorah  canal;  in  the  fore- 
ground, the  oriental  gondola  or  "bellem,"  which  is  the  principal  vehicle  of 
Bassorah. 

Plate  III.  Fig.  1. — A  bag  of  Maskat  dates,  showing  old  method  of  packing  for  export. 
Fig.  2. — Typical  date  plantation  at  Abu  Kaasib,  the  most  famous  date  center  of 
Bassorah,  belonging  to  Hadji  Abdulla  Nigem,  the  most  noted  date  merchant  of 
the  region.  Fig.  3. — Bassorah  date  peasant  with  his  spade,  the  principal  hand 
tool  used  in  the  date  plantations  of  this  region. 

Plate  IV.  Fig.  1. — Panorama,  from  Mr.  Marine's  house,  of  a  new  date  area  on  the 
Shat-el-Arab  River  above  Bassorah.  The  patches  are  planted  with  barley.  Fig. 
2. — Irrigation  machines  at  work  near  Bagdad.  In  the  for^round  the  ordinary 
primitive  machine  called  a  chird;  in  the  background  a  more  modem  invention, 
resembling  a  chain  and  bucket  pump,  operated  by  horsepower.  Fig.  3. — Intake 
of  irrigation  canal  on  the  Tigris  above  Bassorali,  showing  how  low  the  banks 
are  and  that  no  lifting  of  the  water  is  necessary  on  this  part  of  the  river  in 
order  to  fill  the  irrigating  ditches.     A  Turkish  guardhouse  is  seen  on  the  left. 
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FiQ.  1,— Panorama  of  New  Date  Plantation,  Near  Bassorah. 


4 
FiQ,  2 -IRRIQATION  Machines  . 


E  TiQRis,  Near  Baodad, 


FiQ.  3.— Intake  or  Irriqation  Canal  Above  Bassorah. 


■y.  U,  S.  Of  01  of  HgncultuF.. 


U.  S.  DEPARTMENT  OF  AGRICULTURE. 
BIKEAI  OP  PLIKT  IBDDSTRT— BULLEIIK  Ko.  66. 

B.  T.  QlLWWAY.  Oiltf »/ bureau. 


THE 


DRY  ROT  OF  POTATOES 


DUE  TO  FUSARIUM  OXYSPOpUM. 


EEWIN  F.  SMITH 

DEANE  IS.  SWIKGLE, 
Laboratory  of  Plant  Pathology. 


Issued  Febriary  16,  1904. 


WASHINGTON: 
G  O  V  K  R  NJj^aii^=«=P^^^^^  F  F I C  E . 


BUREAU  OF  PLANT  INDUSTRY. 

B.  T.  Galloway,  Chief. 

ve(;etable  patholtktIcal  and  physiolck^ical  investigations. 

SCIENTIFIC  STAFF. 

Albert  F.  Woodcs  PalhologiM  and  Phytfiologiti. 

Erwin  F.  Smith,  PaihUogitt  in  Charge  o/Laboraton,  of  Plant  Pathology. 

George  T.  M(K>re,  PhtmologiM  in  Charge  of  Laboratory  of  Plant  PhyfitAftgy. 

Herbebt  J.  Webber,  PhygiologiM  in  Charge  of  Ixtboralory  of  Plant  Breeding. 

Walter  T.  SwiSGLE,^Pfty«o/oy>>f  in  Charge  of  Laboratory  of  Plant  Lift  History. 

Newton  B.  Pierce,  PathohgiM  in  Charge  of  Pacific  Coast  Laboratory. 

Hermann  yon  Scheenk,^  in  Charge  of  Mimsgippi  Valley  Laboratory. 

P.  H.  RoLPS,  Paihologigt  in  Charge  of  Subtropical  Laboratory. 

M.  B.  Waite,  Pathologist  in  Charge  of  Investigations  of  Diseast-s  of  Orchard  Fruits. 

Mark  A.  Carleton,  Cerealist  in  Charge  of  Cereal  Investigations. 

C.  O.  T0WX8END,  Pathologist  in  Charge  of  Sugar  Beet  Investigations. 

P.  H.  Dorsett,  Pathologist. 

Rodney  H.  True,^  Physiologist. 

T.  H.  Kearney*,  Physiologist^  Plant  Breeding. 

CoRNEurs  L.  Shear,  Patiiologist. 

William  A.  Orton,  Pathologist. 

W.  M.  Scott,  PathologisL 

Joseph  S.  Chamberlain,  Physiological  Chemist. 

R.  E.  B.  McKenney,  Physiologist. 

Flora  W.  Patterson,  Mycologist. 

Charles  P.  Hartley,  Assistant  in  Physiology y  Plant  Breeding. 

James  B.  Rorer,  Assistant  in  Pathology. 

L  1.0 YD  S.  Tenny,  Assistant  in  Pathology. 

Dkane  B.  Swingle,  Assistant  in  Pathology. 

Jrkse  B.  Norton,  Assistant  in  Physiology,  Plant  Breeding. 

A.  W.  Edson,  Scientific  Assistant,  Plant  Breeding. 

Karl  F.  Kellerman,  Assistant  in  Physiology. 

George  G.  Heikjcock,  Assistant  in  Pathology. 

Perley  Spaulding,  Scientific  Assistant 

P.  J.  OHiARA,  Scientific  Assistant 

A.  1).  Sham  EL,  Scientific  Assistant,  Plant  Breeding. 

T.  Ralph  Robinson,  Scienti/ic  Assistant,  Plant  Physiology. 

Florence  HeixjBs,  Scientific  Assistant,  Bacteriology. 


a  Detailed  to  the  Bureau  of  Forestry. 

f>  Detailed  to  Botanical  Investigations  and  Experiments. 


LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Agriculture, 

Bureau  of  Plant  Industry, 

Office  of  the  Chief, 
Washiiigtmi^  D.  C,^  Decenibef  7,  1903. 

Sir:  I  have  the  honor  to  transmit  herewith  the  manuscript  of  a 

technical  paper  on  ''  The  Dry  Rot  of  Potatoes  Due  to  Fusarium  Oxy- 

sporum,"  bj'^  Erwin  F.  Smith,  Pathologist,  and  Deane  B.  Swingle, 

Assistant  in  Pathology,  Laboratory  of  Plant  Pathology,  Vegetable 

Pathological  and  Physiological   Investigations,  and  recommend  its 

publication  as  Bulletin  No.  55  of  the  series  of  this  Bureau. 

Respectfully, 

B.  T.  Galloway, 

Chief  of  Bureau, 
Hon.  James  Wilson, 

Secretary  of  Agriculture, 

3 


PREFACE. 


Studies  on  the  widely  prevalent  dry  rot  of  the  potato  have  been 
carried  on  in  the  Laboratory  of  Plant  Pathology  in  this  Department 
for  some  years.  It  is  now  believed  that  the  cause  has  been  discov- 
ered, together  with  a  method  of  storing  diseased  tubers  which  will 
reduce  the  winter  loss  to  a  minimum. 

The  results  of  the  field  experiments  showed  that  the  use  of  ordinary 
fertilizers,  while  favoring  the  growth  of  the  potato,  did  not  tend  to 
make  the  plants  resistant  to  the  disease.  It  was  observed,  however, 
that  some  hills  were  more  resistant  to  the  disease  than  others,  and  it 
is  believed  that  by  the  continued  selection  of  resistant  plants  in  badly 
diseased  fields  a  hardj^  strain  of  potatoes  can  be  obtained,  and  an 
effort  will  be  made  to  do  this.  The  bulletin  also  points  out  the  fact 
that  many  fields  are  already  permanently  seeded  down  to  the  organ- 
ism which  causes  this  disease,  and  methods  are  suggested  for  avoid- 
ing the  extension  of  the  disease  to  uninfected  fields. 

A  number  of  interesting  points  in  the  life  history  of  the  fungus 
have  also  been  worked  out.  Whether  this  disease  is  identical  with 
the  "sleepy  disease"  of  tomatoes,  as  the  writers  think  probable, 
remains  to  be  determined  by  cross  inoculations. 

Albert  F.  Woods, 
PatJiohgist  and  Physiologist, 

Office  op  Vegetable  Pathological  and 
Physiological  Investigations, 
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THE  DRY  ROT  OF  POTATOES  DUE  TO 

FUSARIUM  OXYSPORUM. 


INTRODUCTION. 

Dry  rot  of  the  potato  has  long  been  known  both  in  this  country 
and  abroad,  but  the  real  cause  of  the  trouble  was  little  understood 
until  recent  years,  the  first  work  of  importance  having  been  done  in 

■ 

Germany. 

Undoubtedly  a  number  of  diseases  due  to  yery  different  causes  hav^e 
been  included  under  this  name  in  different  sections  of  this  country, 
but  there  is  no  doubt  that  the  disease  here  described  has  been  for 
many  years  one  of  the  chief  causes  of  dry  rot.  Potato  troubles  char- 
acterized  by  browning  of  the  flesh  hav^e  l>een  recorded  by  numerous 
workers,  but  the  descriptions  haye  been  for  the  most  part  so  incom- 
plete that  it  is  in  nearly  all  cases  quite  impossible  to  say  whether  the 
diseases  described  were  identical  with  this  or  not. 

In  Illinois,  Clinton  observed  ^'bundle  blackening"  and  "drj'^  end-    ' 
rot,"  but  does  not  appear  to  have  found  these  diseases  serious  or  to 
have  connected  either  of  them  with  conditions  originating  in  the  field. 
Of  the  first,  he  says: 

This  is  a  fungous  trouble  of  stored  potatoes.  »  »  *  The  fungus  gains  entrance 
probably  after  the  potatoes  art*  gathered,  through  the  dead  st^m,  and  proceeds  from 
this  through  the  bundle^:,  causing  them  to  turn  black  as  a  result  of  the  attack.  While 
not  a  very  serious  malady,  it  is  objectionable,  as  it  opens  the  way  for  other  fungi  and 
bacteria  so  that  often  tissue  in  the  neighborhood  of  the  affected  bundles  becomes 
diseased  and  a  general  rotting  is  started.  It  may  also  cause  a  slight  waste  and  some 
trouble  in  (;leaning  potatoes  for  wm.  The  fungus  is  quite  similar  to  the  one  causing 
the  following  trouble  [dry  end-rot]. 

Of  the  latter,  he  says:  "  As  in  the  preceding  case,  the  trouble  begins 
at  the  stem  end,  the  fungus  gaining  entrance  after  the  rupture  of  the 
tuber  from  the  plant."  This  disease  is  correctly  ascribed  to  Fmcmuin 
gol/inf\  and  storage  of  the  tubers  in  a  dr}',  cool  place  is  recommended. 

Stewart,  under  the  title  "Another  stem-blight  of  potatoes,"  has  very 
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briefly  described  a  disease  that  is  also  probably  the  same,  although  ii 
a  second  bulletin  he  makes  the  following  statements:^ 

The  potato  stem-blight  herein  discussed  is  the  one  discribed  by  the  writer  in 
Bulletin  No.  101  of  this  station,  pages  83-S4.  The  symptoms  of  the  disease,  as  there 
given,  are  as  follows :  ' '  First,  there  is  a  cessation  of  growth.  The  topmost  leavee  take 
on  a  yellowish,  or,  in  some  cases,  a  purple  color,  and  roll  inward  from  the  etlges 
upward,  exposing  the'  under  surfaces.  This  condition  is  followed  by  wilting  and 
complete  drying  up  of  the  entire  folia^,  the  process  taking  from  one  to  three  weekjs 
The  tubers  ap|)ear  to  be  sound,  but,  when  cut  at  the  stem  end,  blackened  fillers  an 
seen  penetrating  the  flesh  to  a  considerable  distance,  materially  injuring  it  fm 
cooking  purposes.  No  rot  develops  in  the  tubers.  The  stem  just  l)eneath  the 
surface  of  the  soil  first  shows  discolored  spots  and  later  becomes  dry  an<l  shriveled." 

This  disease  has  continued  to  be  destructive  in  1S96  and  1897,  but  the  causae  of  it  is 
still  unknown.  Formerly  a  species  of  Oospora  was  suspected  of  liaving  some  ttm- 
nection  with  it,  but  it  is  now  very  doubtful  if  any  organism  is  responsible  for  the 
trouble.  The  portion  of  the  stem  which  is  below  ground  is  quite  evidently  the  seal 
of  the  disease,  but  no  fungus  hyph»  can  tie  found  in  the  tissues  of  this  part  of  the 
plant  in  the  early  stages  of  the  disease;  neither  are  bacteria  abundant,  and  tb< 
few  which  are  found  in  the  tissues  may  easily  have  gained  entrance  after  the  death 
of  the  stem.  Numerous  petri  dish  cultures  of  tissue  from  the  interior  of  disea."^ 
stems  were  made  with  varying  results. 

The  best  work  has  been  done  in  Germany.  Wehmer  has  given  a 
very  interesting  account  of  inoculation  experiments  with  a  Fiumrnnn 
called  F,  mluni.  He  found  that  this  Fusarium  may  enter  through  a 
fresh  wound  if  either  spores  or  pieces  of  potato  affected  with  the  same 
disease  be  placed  on  the  raw  surface;  also  that  in  some  cases  contact 
rot  may  take  place  through  the  unbroken  skin  if  a  mass  of  the  actively 
growing  mycelium  be  placed  on  it.  He  entirely  misses,  however,  the 
very  important  fact  that  normally  in  the  field  the  fungus  entei^s  the 
tuber  through  the  underground  stem.  Indeed,  all  of  his  experimentfl 
appear  to  have  been  made  on  tubers  in  the  laboratory.  After  tU 
fungus  has  entered,  Wehmer  finds  that  it  destroys  the  tubers  withoi 
the  aid  of  bacteria,  and  that  keeping  them  in  dry  air  does  not  seriouslj 
retard  its  action.  Wehmer  was  the  first  to  clearly  demonstrate  tl 
infectious  nature  of  this  fungus.  Sorauer  observed  this  disease  or 
similar  one  in  the  field,  and  believed  F'tisarium  to  be  the  cause,  bi 
did  not  demonstrate  it.  De  Bary  and  others  con&idered  the  fungi 
as  purely  saprophytic. 

Fmaiium  on  decaying  potato  tubers  has  been  a  familiar  sight  to  tl 
senior  writer  ever  since  he  began  to  be  interested  in  plant  pathoh 
but  until  recently  always  associated  with  other  fungi  or  with  bacterii 
Dry  rot  of  potatoes  as  a  distinct  disease  caused  by  Fxisariuia  first  cai 
to  his  notice  in  October,  1899,  when  two  barrels  of   tubers  wel 
received  by  him  from  Hubbardston,  Mich.     They  were  a  very 
lot  and  apparentlj'  sound  when  received,  the  disease  not  having  pi 
gressed  to  a  noticeable  extent  at  that  time.     They  were  stored  il 
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barrels  in  a  warm,  dry  cellar,  where  there  was  plenty  of  light.  Two 
months  later  (December  10)  they  were  examined.  A  very  few  were 
entirely  shriveled  and  dry,  and  specked  on  the  surface  with  tufts  of 
white  fungus.  Very  many  more  were  partly  affected,  the  diseased 
portion  in  all  cases  except  five  or  six  being  at  the  basal  end.  Only 
three  of  the  entire  lot  showed  soft  bacterial  rot.  All  the  diseased 
tubers  except  these  three  showed  a  blackening  in  the  vascular  ring  and 
other  characters  described  la'ter  in  this  paper.  The  potatoes  were  of 
two  varieties — Carman,  and  another  that  was  not  determined  but 
which  was  neither  Early  Rose  nor  Burbank.  They  were  grown  from 
tubers  obtained  somewhere  in  the  East.  Both  varieties  were  affected 
with  the  disease.  Other  potatoes  of  these  two  varieties  grown  in  the 
same  field,  but  stored  in  a  cool,  damp  cellar  in  Michigan,  were  not  seri- 
ously injured  by  the  disease.  Examined  in  midwinter  it  was  with 
difficulty  that  any  cases  could  be  found.  In  almost  every  instance  the 
black  stain  remained  confined  to  a  very  small  region  around  the  stem, 
and  did  not  materially  lessen  the  value  of  the  potatoes.  Inquiries  of  the 
housewife  also  showed  that  disagreeable  black  places,  so  common  in 
the  badly  affected  tubers,  had  not  been  found  in  the  cooked  tubers. 

Most  of  the  potatoes  in  which  thi^  disease  was  studied  were  raised 
on  the  Potomac  Flats,  Washington,  D.  C,  in  the  summer  of  1902. 
Three  varieties  were  planted — Burbank,  Early  Rose,  and  an  unknown 
variety,  designated  for  convenience,  owing  to  certain  characters,  as 
**  Brown."  They  were  planted  April  16,  1902,  in  rows  both  ways,  in 
24  large  plots  and  6  smaller  ones,  the  larger  plots  having  5  rows  of 
20  hills  each  and  the  smaller  ones  5  rows  of  5  hills  each.  The  hills 
were  3  feet  apai*t  each  way  and  the  distance  between  the  plots  wa« 
4i  feet  The  land  used  was  a  rich  sandy  loam  (dredged  river  mud) 
that  had  been  planted  to  watermelons  the  year  before.  It  was  nearly 
level,  having  only  a  very  gradual  slope  to  the  southeast.  There  was  a 
plantation  road  on  two  sides  of  the  patch. 

The  following  fertilizers  were  used:  Freshly  slaked  lime,  dissolved 

boneblack  (16  to  18  per  cent  phosphoric  acid),  nitrate  of  soda,  muriate 

of  potash,  and  sulphate  of  potash.     Exclusive  of  the  '^  Browns,"  four 

large  plots  were  devoted  to  each  fertilizer,  two  receiving  heavy  doses 

and  two  moderate  doses.     Burbanks  were  planted  on  one  of  the  heavily 

treated  plots,  and  Early  Rose  on  the  other.     The  same  varieties  were 

planted  on  the  lightly  treated  plots.     Of  those  fertilized  with  lime, 

two  plots  received  25  grams  and  two  75  grams  to  the  hill.     Of  the 

other  fertilizers  the  amounts  used  were  8  grams  and  16  grams  to  the 

"  hill  for  these  two  varieties.     For  the  ''Browns,"  which  were  in  the 

smaller  plots,  only  one  amount  of  each  fertilizer  (the  larger)  was  used. 

.  There  were  two  check  plots  containing  no  fertilizer  for  the  Burbanks, 

*  two  for  the  Early  Rose,  and  one  for  the  ''Browns."    The  fertilizer 

^  was  dropped  in  the  furrow  and  mixed  well  with  earth,  and  on  this  the 
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potato  was  dropped  and  covered  with  a  hoe.  In  the  case  of  the  Bur- 
banks  and  Early  Rose  only  very  clean,  healthy-looking  tubers  were 
planted,  and  all  but  the  smallest  of  these  were  cut  longitudinally  into 
two  or  four  pieces,  depending  on  the  size.  The  * '  Browns"  were  affected 
with  the  "brown  specking"  described  later,  and  were  all  cut  in  two. 

Very  marked  differences  were  shown  in  the  size,  vigor,  color,  aod 
habits  of  growth  of  the  vines  in  the  different  ploti^,  but  that  is  a  matter 
that  need  not  be  discussed  here,  the  experiment  being  planned  for  quite 
a  different  purpose,  viz,  to  check  up  Laurent's  work  on  bacterial  soft 
rot  of  the  potato. 

During  the  course  of  the  season  many  of  the  shoots  in  all  the  larger 
plots  were  inoculated  near  the  top  by  hypodermic  injection  with 
Bacilhis  colh  and  various  other  bacteria,  but  most  of  these  inocula- 
tions (all  of  B.  coll)  had  no  more  effect  than  would  be  caused  by 
injecting  the  same  quantit}'^  of  water,  and  seldom  was  there  any  more 
serious  result  than  a  blackening  of  one  side  of  the  stem  for  a  few 
centimeters  below  the  wound.  These  inoculations  can  not  be  consid- 
ered, therefore,  as  having  had  any  influence  on  the  progress  of  the 
Fuaarium  disease. 

The  disease  began  to  show  its  effect  on  the  foliage  of  a  few  hills 
about  July  1,  and  by  the  middle  of  July  it  was  quite  noticeable  on 
many  of  the  plants.  It  did  not  seem  to  spread  from  centers  of  infec- 
tion, but  very  frequently  hills  would  be  attacked  that  were  entirely 
surrounded  by  healthy  plants.  There  was  little  evidence  that  the 
disease  spread  from  plant  to  plant  through  the  soil.  More  and  more 
plants  continued  to  be  attacked  by  the  disease  until  the  vines  and 
tubers  had  completed  their  growth.  From  the  fact  that  at  the  time 
the  potatoes  were  harvested  a  ver}^  large  per  cent  of  them  was 
affected,  at  least  slightly,  it  would  seem  that  the  entire  soil  must  hare 
been  infested  with  the  fungus.  There  was  very  little  soft  bacterial 
rot  and  only  a  moderate  amount  of  potato  scab. 

All  of  the  ''  Browns"  in  the  smaller  plots  were  saved  and  about  one 
and  one-half  bushels  from  each  of  the  larger  plots  of  Burbanks  and 
Early  Rose.  They  were  put  in  canvas  grain  bags  and  stored  in  one 
pile  in  a  rather  warm,  dry  basement.  There  were  30  bags  in  all. 
The  pile  was  made  by  laying  one  tier  down  on  their  sides  and  laying 
other  tiers  on  top,  and  when  complete  was  about  twice  as  long  as 
high.  One  end  of  each  bag  was  against  a  board  partition  and  the 
other  exposed  to  the  air.  On  top  of  the  pile  a  few  bags  of  cotton  bolls 
were  placed.  This  kept  all  the  bags  under  about  the  same  conditions 
of  moisture.  The  bags  being  closely  woven,  the  atmosphere  between 
the  tubers  inside  was  very  humid. 

The  potatoes  were  cut  up  and  examined  late  in  February  and  note.*? 
made  on  each  individual  tuber.  The  results  of  this  examination  will 
be  given  later  in  this  paper. 
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EFFECT  OF  THE  DISEASE  ON  THE  PLANTS. 

The  disease  ordinarily  enters  the  plant  through  the  roots  and  slowly 
spreads  until  the  whole  root  system,  a  few  centimeters  of  the  lower 
ptirt  of  the  stem,  the  underground  stems  bearing  the  tubers,  and  the 
tubers  themselves  are  invaded  by  the  fungus. 

The  disease  first  becomes  noticeable  when  the  plants  are  about  a 
foot  high.  The  first  indication  to  the  casual  observer  that  the  plants 
are  affected  is  a  change  in  the  appearance  of  the  leaves.  These  assume 
a  somewhat  lighter  green  color  than  those  of  healthy  plants,  though 
the^'^  do  not  for  a  considerable  time  become  decidedh'  yellow  or  brown. 
Along  with  this  change  in  color  the  leaves  lose  to  some  extent  their 
bright  glistening  appearance  and  look  duller,  and  early  begin  to  curl 
and  roll  up  (Pis.  I  and  II).  Those  that  have  not  reached  their  full 
growth  when  the  plant  is  attacked  are  somewhat  dwarfed  in  size. 
The  effect  on  the  leaves  does  not,  however,  seem  to  be  sufiicient  to 
stop  or  very  seriously  impair  their  work,  and  there  is  every  evidence 
that  in  the  first  stages  of  the  disease  photosynthesis  and  respiration  go 
on  in  a  normal  manner. 

The  stems  above  the  ground  do  not  show  any  evidence  of  being 
affected  in  the  early  stages  of  the  disease.  The  color  is  normal,  and 
there  is  no  shrinkage;  neither  is  there  wilting  of  the  shoots  or  leaves 
for  several  weeks  after  the  disease  begins.  When  the  plants  reach 
maturity  the  diseased  vines  that  were  attacked  early  are  noticeably 
shorter  than  the  sound  ones.  As  the  disease  progresses  the  roots 
become  so  weakened  that  they  can  no  longer  hold  the  stems  erect,  and 
the  latter,  therefore,  become  prostrate  in  a  manner  that  is  very  notice- 
able (PL  III).  This  is  especially  the  case  if  the  earth  has  not  been 
hilled  up  around  the  stems.  Usually  all  the  shoots  in  the  same  hill 
are  affected,  but  such  is  not  always  the  case,  for  not  infrequently  in 
the  later  stages  some  will  be  erect  and  to  ever}^  appearance  healthy 
while  others  have  fallen  down  and  have  all  the  symptoms  described 
above  (PI.  I). 

When  the  plants  have  reached  this  condition  they  can  be  pulled  up 
with  much  greater  ease  than  healthy  ones,  and  an  examination  shows 
that  all  the  smaller  roots  are  so  friable  that  they  can  be  broken  with 
almost  no  effort,  and  some  can  even  be  rubbed  to  pieces  between  the 
thumb  and  finger.  The  main  root  also  is  much  more  tender  and  brittle 
than  that  of  healthy  plants,  and  this  condition  extends  nearly  to  the 
line  marked  by  the  surface  of  the  ground. 

Such  diseased  roots  are  usually  covered  with  a  white,  pink,  or  even 
reddish  growth  of  m3Telium,  which  is  distributed  very  unevenly  and  is 
much  more  conspicuous  in  some  places  than  in  others.  Microscopical 
examination  shows  that  this  mycelium  invades  all  parts  of  the  root, 
though  the  bark  is  most  affected.  It  is  present  in  the  water  ducts, 
but  it  is  not  especially  abundant  there,  as  it  is  in  the  wilt  disease  of 
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the  watermelon,  for  example.  The  conidia  are  not  formed  in  the  early 
stages  of  the  disease,  and  up  to  the  time  the  potato  stems  have  faHen 
over  on  the  ground  there  are  comparatively  few.  No  perithecia  and 
none  of  the  mature  sickle-shaped  spores  (macroconidia)  characteristic 
of  FumriHm  were  found  on  the  roots  of  living  vines.  The  mjceliam 
does  not  extend  up  into  the  stems  and  leaves.  Sections  cut  at  the  sur- 
face of  the  ground  showed  only  very  few  hyph®  or  none  at  all.  There 
was,  however,  a  marked  browning  of  the  tissues,  particularly  of  the 
vascular  ring.  This  browning  usually  extends  only  a  few  centimeters 
above  the  surface  of  the  ground.  The  underground  stems  on  which 
the  tubers  are  borne  are  nearly  always  attacked,  but  they  do  not  as  a 
rule  become  so  soft  and  brittle  as  roots  of  the  same  size.  The  mvce- 
liufti  passes  tlirough  the  whole  extent  of  these  underground  stems  into 
the  base  of  the  tubers.  A  detailed  account  of  the  effect  of  the  fungus 
on  the  tubers  will  be  given  later. 

As  soon  as  the  roots  become  so  badly  affected  that  they  can  no  longer 
take  up  water  and  nourishment  from  the  soil,  a  very  marked  change 
takes  place  in  the  leaves  and  stems.  Up  to  this  time,  as  has  been  pre- 
viously stated,  there  is  no  wilting,  but,  now  that  the  water  supply  is 
cut  off,  the  foliage  and  the  upper  part  of  the  shoots  begin  to  droop  and 
become  flabby,  and  soon  die  and  turn  dark  brown.  Fortunately,  tiie 
tubers  have  in  most  cases  become  ripe  or  nearly  so  (though  usually 
prematurely),  so  that  the  crop  from  the  diseased  hills  is  not  entirely 
destroved. 

In  case  the  plants  are  not  attacked  until  the  stems  and  leaves  have 
nearly  reached  maturity,  the  early  symptoms  of  curling  and  dwarfing 
of  the  foliage  do  not  appear.  Even  in  such  cases,  however,  if  the 
roots  are  entirely  destroj'ed  before  the  tops  have  died  down  there  are 
the  later  symptoms  of  wilting,  but  often  the  fungus  grows  into  the 
tul)er8  without  causing  any  visible  symptoms  in  the  parts  above  ground 

As  stated  above,  the  fungus  usually  enters  the  tubers  through  the 
underground  stems,  though  it  occasionally  gets  in  through  wounds. 
As  the  tul)ers  are  so  well  protected  from  injuries  by  the  surrounding 
earth  the  damage  done  b}'  the  disease  entering  in  this  way  would 
necessarily  be  small.  *  Tubers  examined  much  before  the  time  of  ripen- 
ing were  often  found  to  contain  the  fungus  at  the  basal  end,  showing  that 
they  may  be  affected  while  yet  very  inunature,  though  there  is  little 
evidence  that  the  growth  of  the  tuber  is  thereby  seriously  checked. 
At  the  time  the  potatoes  were  han^ested  a  very  large  proportion  of 
those  examined  were  found  to  be  slightly  affected,  though  the  disease 
rarely  extended  into  the  potato  more  than  three  or  four  centimeters, 
and  usuallv  much  less.  At  this  time  the  disease  was  confined  to  the 
basal  part  of  the  vascular  ring  and  appeared  as  a  cinnamon-brown  stain 

«  Except,  perhaps,  in  continued  wet  weather.    See  footnote,  p.  53. 
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extending  inward  irregularly,  farther  in  some  places  than  in  others. 
There  wa«  very  seldom  any  soft  rot  in  those  examined  while  they  were 
being  harvested,  and  the  flesh  inside  and  outside  the  vascular  ring  was 
white  and  perfectly  normal  as  far  as  could  be  determined. 

Tubers  of  all  sizes  are  attacked.  The  fungus  was  often  found  in 
those  not  more  than  two  centimeters  in  diameter,  though  probably  a 
higher  per  cent  of  the  large  ones  than  of  the  small  ones  are  diseased. 

While  the  potatoes  are  in  storage  the  fungus  progresses  inward 
farther  and  farther,  at  first  following  the  vascular  ring.  This  ring 
gradually  changes  from  cinnamon-brown  to  nearly  black  in  the  parts 
affected.  The  discoloration  becomes  visible  in  the  ring  as  fast  as  the 
hyphfe  progress  inward — at  least  the  threads  were  never  found  in 
advance  of  the  blackened  part.  The  blackening  does  not,  however, 
precede  the  advance  of  the  fungus,  as  microscopical  examination  never 
failed  to  show  threads  in  the  most  newly  blackened  parts,  and  numer- 
ous cultures  made  from  the  extreme  ends  of  the  discolored  portions 
of  the  bundles  very  seldom  failed  to  develop  the  fungus. 

These  cultures  were  made  b}'^  carefully  paring  especially  favorable 
pieces  of  diseased  tubers  with  a  hot  scalpel,  heating  it  nearly  to  red- 
ness before  each  stroke  and  cutting  out  pieces  a  few  millimeters  in 
diameter,  containing  a  length  of  about  two  millimeters  of  the  extreme 
end  of  the  discolored  part  of  the  bundle.  These  pieces  were  cut  from 
the  main  part  of  the  specimen  with  the  hot  scalpel  and  allowed  to  drop 
directly  into  a  tube  of  sterile  culture  media.  Potato  cylinders  w^ere 
ased  principally  for  media.  Slant  tubes  of  beef  agar  (+15  on  Ful- 
ler's scale)  also  were  sometimes  used.  One  hundred  and  twenty-two 
cultures  on  potato  and  sixteen  on  agar  were  made,  and  in  all  but  two 
{•ases  on  the  potato  and  in  every  case  on  the  agar  the  fungus  appeared 
after  a  day  or  two  as  a  white  mycelium,  sparse  at  first,  growing 
directly  out  from  the  blackened  bundles  and  spreading  into  the  media. 
Forty-two  cultures  on  potato  and  four  on  agar  were  also  made  from 
older  parts  of  the  discolored  ring  nearer  the  basal  end,  and  of  these 
all  but  one  on  the  potato  and  all  on  the  agar  produced  a  growth  of  the 
fungus.  Bacteria  sometimes  appeared  in  the  cultures  along  with  the 
fungus,  and  this  was  especially  noticeable  in  those  tubes  in  which 
the  fungus  did  not  come  out,  and  was  doubtless  what  kept  the  mycelium 
from  developing  further.  These  bacteria  were  probably,  in  many 
cases  at  least,  intruders  that  got  in  while  the  cultures  were  being 
made.  In  other  cases  they  probably  developed  from  rods  which 
entered  the  potato  along  with  the  fungus  and  did  not  find  conditions 
favorable  for  growth  until  the  fragments  of  potato  were  put  into  our 
culture  tubes.  In  making  a  large  number  of  cultures  it  is  impossible 
to  avoid  occasional  air-borne  contaminations,  but  long  experience  has 
shown  that  in  general  we  get  in  our  cultures  only  what  we  put  into 
them. 
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The  fungus  pushes  its  mycelium  farther  and  farther  into  the  vascular 
system  until  it  has  reached  entirely  to  the  eye  end  unless  progress  is 
interrupted  by  some  change  in  the  condition  of  the  tubers. 

The  surface  of  the  potato  remains  perfectly  sound  and  normal  during 
the  early  stages.  Sometimes,  indeed,  the  vascular  ring  is  blackened 
throughout  its  entire  extent  before  there  is  any  external  indication 
that  the  disease  is  present.  Such  potatoes  might  pass  in  the  market^ 
and  as  a  matter  of  fact  often  do  pass,  as  perfectly  sound  and  healthy 
until  cut  open  and  examined.  They  are,  however,  quite  unfit  for  use. 
Many  such  come  into  the  Washington  market  every  year. 

If  the  diseased  tubers  be  cut  crosswise  this  ring  may  be  seen  to  be 
blackened  either  continuously  all  the  way  around  or  in  only  a  few 
isolated  places  (Pis.  IV  and  V).  Sometimes  there  is  only  a  single  dark 
band  a  few  millimeters  wide  running  through  the  tuber  in  the  vascular 
system  from  end  to  end.  A  tangential  section  of  the  blackened  ring 
shows  that  the  color  is  much  darker  in  some  ducts  than  in  others,  giv- 
ing it  a  veined  or  netted  appearance.  The  thickness  of  the  black  ring 
is  only  very  slight — seldom  more  than  1  or  2  millimeters. 

As  stated  above,  the  flesh  inside  and  outside  the  dark  ring  is  at  first 
white  and  apparently  normal.  After  a  time,  however,  a  yellowish 
stain  appears  in  places  in  that  part  of  the  flesh  closest  to  the  ring, 
either  in  the  inner  or  the  outer  portion,  and  the  fungus  slowly 
spreads  into  these  discolored  portions.  The  discoloration  seems, 
however,  to  keep  a  little  distance  in  advance  of  the  fungus,  as  no 
mycelium  could  be  found  with  the  microscope  in  the  distal  i>art 
of  the  yellow  regions,  nor  did  cultures  made  from  such  parts  give 
any  fungous  growth.  This  process  of  discoloration,  followed  by  the 
invasion  of  the  mycelium,  continues  until,  in  many  cases,  the  entire 
tuber  is  aflfected.  If  there  is  a  cavity  inside  the  tuber  the  fungus 
usually  penetrates  it  and  appears  as  a  dense  white  growth  (PL  V) 
often  bearing  conidia.  The  hyphse  that  push  from  the  ring  out 
toward  the  periphery  break  through  the  skin  and  first  appear  as  a 
white  growth  on  the  surface.  Whether  or  not  these  hyph®  ever  bore 
directly  through  the  cells  of  the  skin  is  difficult  to  determine.  It 
is  certain,  however,  that  they  often  break  out  through  veiy  tiny  rup- 
tures that  seem  to  be  the  lentic3ls.  More  frequently  the  tubers  are  so 
shrunken  by  the  time  the  fungus  gets  to  the  periphery  that  the  skin 
folds  and  cracks,  and  the  mycelium  grows  out  through  these  openings 
in  great  abundance,  appearing  on  the  surface  as  dense  white  or  gray- 
white  tufts  (PI.  VI).  These  soon  bear  small  oval  microconidia,  and 
later  the  curved,  septate  macroconidia  characteristic  of  the  form-genus 
Fu8arium,  Occasionally,  also,  if  the  surface  of  the  potatoes  is  kept 
moist,  a  compact,  wart-like  stroma,  a  few  millimeters  in  diameter,  is 
formed.  Microscopical  examination  shows  that  this  is  made  up  almost 
entirely  of  a  dense  mass  of  chlamydospores.     Perithecia  were  never 
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found  on  any  of  the  tubers.  The  formation  of  tufts  on  the  surface 
seems  to  be  favored  by  a  moist  atmosphere,  as  this  phenomenon  was 
much  more  common  on  the  crop  of  1902  stored  in  bags  than  on  those 
received  from  Michigan  and  kept  in  open  barrels.  The  appearance  of 
the  latter  is  shown  in  Plate  VI,  the  shriveled  tubers  being  very  dry 
and  hard,  and  many  of  them  free  from  surface  mvcelium. 

Along  with  the  general  discoloration  of  the  flesh  there  is  a  very 
decided  shrinkage  of  the  tubers.  This  causes  the  skin  to  become 
wrinkled  in  the  form  of  concentric  rings  about  the  stem  end.  If 
bacterial  decay  does  not  set  in,  the  rot  becomes  drier  and  drier  and 
the  flesh  turns  darker  and  darker,  the  vascular  ring,  however,  con- 
tinuing to  be  the  darkest,  until  the  tuber  is  brown,  dry,  very  light  in 
weight,  and  often  nearly  as  hard  as  wood,  having  a  very  characteristic 
musty  odor  entirely  different  from  that  of  the  bacterial  decay. 

The  starch  grains  do  not  seem  to  be  corroded  by  the  action  of  the 
fungus,  at  least  not  promptly.  In  some  tubers  that  were  completely 
dry  and  shriveled  the  grains  were  notched  over  the  entire  surface,  but 
in  such  cases  there  was  probably  a  mixed  infection  of  fungus  and 
bacteria.  Other  fungi  also  may  have  been  present  as  saprophytes. 
In  tubera  where  the  yellowing  extended  throughout  only  part  of  the 
flesh,  starch  grains  were  found  in  a  tangled  mass  of  the  mycelium 
without  any  marks  of  corrosion.  These  grains  were  being  acted  upon 
by  the  fungus,  however,  for  they  stained  purple  with  the  iodine  test, 
instead  of  blue,  as  do  normal  grains. 

Though  the  fungus  usually  enters  the  tuber  by  way  of  the  under- 
ground stem,  in  some  cases  it  had  clearly  got  in  through  wounds. 
Sometimes  there  would  be  two  separate  infections — one  through  the 
basal  end,  with  a  limited  browning  in  the  vascular  ring,  and  the  other 
through  a  wound  in  the  side  or  the  apical  end.  Often  these  two  dis- 
eased regions  would  be  separated  by  entirely  sound  white  flesh.  There 
were  a  few  other  cases  where  the  tubers  were  infected  through  appar- 
ently unbroken  skin  by  contact  with  diseased  neighbors  having  tufts 
of  white  mycelium  on  their  surfaces,  but  these  cases  were  rare. 

When  the  fungus  has  once  gained  entrance  it  spreads  without  any 
visible  mechanical  obstruction  to  its  progress.  Whether  or  not  the 
cells  produce  any  chemical  substances  that  tend  to  check  it^  progress 
has  not  been  determined,  but  no  corky  layer  is  built  between  the 
diseased  and  the  sound  portions.  The  hyphte  sometimes  go  between 
the  cells  of  the  parenchyma  for  a  short  distance,  but  in  most  cases 
they  penetrate  the  cell  walls  and  ramify  between  the  starch  grains, 
apparently  absorbing  the  protoplasmic  contents  and  dissolving  and 
a.ssimilating  parts  of  the  grains  themselves.  Those  hyphse  that  follow 
the  xylem  ducts  do  not  form  a  dense  mass,  filling  the  tuber,  but  push 
forward  with  little  branching  (PL  VIII,  fig.  34).    A  few  small  micro- 
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conidia  have  been  found  in  the  ducts,  but  none  of  the  septate,  carved 
macroconidia. 

The  potatoes  from  Michigan  stored  in  a  very  dry  place  were  very 
little  aflfected  by  other  fungi  or  by  bactei*ia.  In  the  case  of  those 
raised  in  Washington  and  stored  in  bags,  which  kept  them  somewhat 
moist,  several  other  fungi  appeared,  particularly  Stysanus  stenwnites 
and  Acrostalagjnua  cinnabarinus^  in  the  cavities  of  those  that  were 
entirely  dead  and  often  worm  eaten,  and  PenidUium  and  AspergUha 
on  the  surface.  None  of  these  appeared  to  be  true  parasites,  however, 
as  they  were  always  accompanied  by  either  the  Fusarium  or  a  bacterial 
decay.  More  or  less  soft  bacterial  decay  was  present  in  all  the  hags, 
but  this  seemed  for  the  most  part  only  secondary,  though  the  bacteria 
were  often  to  be  found  in  the  blackened  ring.  In  such  cases  they  did 
not,  when  the  flesh  bounding  the  ring  was  white  and  sound,  penetrate 
as  far  as  the  mycelium,  as  shown  by  microscopical  examination  and  by 
the  fact  that  poured  agar  plates  from  the  most  advanced  part  of  the 
black-stained  portion  of  the  ring  gave  pure  cultui'es  of  the  fungus. 
When  the  bacteria  were  sufliciently  vigorous  in  their  attack  they  pro- 
duced various  kinds  of  soft  rot,  usually  very  vile  smelling,  that  often 
consumed  the  entire  tuber  except  the  skin,  which  is  very  resistant  to 
their  action  and  also  to  that  of  the  fungus.  The  bacteria,  like  the 
fungus,  entered  as  a  rule  through  the  stem  end,  though  there  was 
occasionally  a  case  of  contact  rot  at  the  side,  or  the  apical  end,  or  in 
the  vicinity  of  a  wound.  On  the  surface  of  the  bags  and  on  dead 
stems  in  the  field  two  pyrenomycetous  fungi  were  found,  viz,  Mela- 
nospora  omata  and  Nectria  hrassicsej  but  neither  could  be  connected 
with  the  disease.  Mycelium  cultivated  from  the  ascospores  of  these 
two  species  grew  badly  on  various  media  in  which  the  Fusarium  grew 
luxuriantly,  and  looked  quite  different. 

In  cases  where  there  was  a  mixed  infection  of  fungus  and  bacteria 
the  black  bundles  could  often  be  followed  for  long  distances  through 
the  whitish  macerated  flesh,  an  indication  that  the  infection  by  Fusa- 
rium  had  preceded  the  bacterial  decay. 

When  examined  in  February  most  of  the  tubers,  especially  the  Early 
Rose,  bore  sprouts  several  centimeters  long,  and  these  were  often 
killed  and  blackened  by  contact  rot,  and  sometimes  even  bore  tufts 
of  the  fungus. 

Another  complication  that  was  found  in  some  of  the  tubers  was  a 
brown  specking  in  the  flesh.  This  specking  is  not  confined  to  the  vicinity 
of  the  vascular  ring,  though  usually  more  prevalent  there,  but  ma}'  be 
found  in  any  part  of  the  tuber,  noticeably  in  the  stem  end,  where  it 
seems  to  originate.  There  may  be  specked  regions  entirely  isolated 
and  surrounded  by  white  flesh,  though  such  is  not  usually  the  case. 
Whether  or  not  the  Fusarium  fungus  is  the  primary  cause'  of  this 
trouble  has  not  yet  been  determined.      Microscopical  examination. 
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however,  shows  neither  fungi  nor  bacteria.  Cultures  of  the  brown- 
specked  tissue  made  by  cutting  out  pieces  with  a  hot  scalpel  in  the 
manner  previously  described  did  not,  as  a  rule,  develop  any  fun- 
g'ous  mycelium.  When  this  did  appear  it  was  almost  invariably  the 
Fitsarium  and  was  probably  the  result  of  a  complication  of  the  two 
troubles.  Bacteria  sometimes  appeared  in  these  cultures,  but  these 
were  of  such  varied  kinds  and  were  so  often  absent  that  it  seems  prob- 
able that  they  accidentally  got  in  when  the  cultures  were  being  made. 
The  brown  specking  may  be  due  to  a  parasite — perhaps  the  Fusarium — 
but  in  any  case  the  discolored  regions  themselves  seem  not  to  be 
infested. 

EFFECT  OF  DIFFEBENT  FEBTILIZEBB  ON  BESISTANCE 

TO  THE   DISEASE. 

For  the  purpose  of  determining  whether  or  not  the  diflferent  ferti- 
lizers added  to  the  soil  in  the  several  plots  had  any  effect  on  the 
resistance  of  the  potatoes  to  the  attack  of  the  fungus,  the  tubers  that 
were  stored  in  bags  during  the  winter  were  examined  about  the  last 
of  February  and  a  careful  comparative  series  of  notes  was  made.  All 
the  tubers  were  cut,  and  the  extent  and  nature  of  the  disease  recorded 
for  each  individual  separately;  also  the  condition  of  the  fungus  and 
the  extent  to  which  other  fungi  and  bacteria  were  present,  as  well  as 
any  other  points  of  special  interest  in  connection  with  the  disease. 
From  this  enormous' mass  of  notes  tabulations  were  made,  and  these 
were  condensed  into  the  first  four  tables  that  appear  in  the  text. 

Several  things  must  be  taken  into  consideration  in  judging  which 
of  a  number  of  individuals  is  the  most  resistant  to  the  attack  of  any 
specific  disease.  In  the  case  of  this  potato  disease  the  most  important 
of  these  are,  first,  resistance  to  the  entrance  of  the  fungus;  second, 
ability  to  check  the  spread  of  the  fungus  after  it  has  gained  entrance; 
third,  ability  to  keep  the  fungus  from  forming  spores;  and,  fourth, 
ability  to  keep  some  part  of  the  tuber  alive  until  time  for  renewed 
growth  the  following  season.  Unfortunately,  in  the  case  of  those 
examined  there  was  in  so  many  instances  bacterial  action  during  the 
latest  stages  of  destruction  that  whether  or  not  any  particular  tuber 
remained  alive  when  examined  did  not  depend  simply  on  resistance  to 
the  fungus  alone.  Whether  or  not  there  was  total  destruction  caused 
by  the  Fusarium  could  not  then  in  many  cases  be  determined,  and 
therefore  does  not  appear  in  the  tables. 
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Tablb  I. — Percentage  of  tubers  diseased  by  Fusariuniy  according  to  plot,  variety^  tiBd 

fertUvser  used. 


Plot. 


Variety. 


Borbank  .. 

do 

do 

Eari  V  Rose 

Burbank  . . 

do 

do 

do 

do 

Brown 

do 


2M2 

2046 

2065 

2054 

2034 

2060 

2087 

2047 

2040 

2052 

2053 

2058 

2061 1  EariyRose 

2059 do 

2046 ' do 

2050 1  Burbank.. 

2044 1  EariyRose 

2036 do 

2041 1 do 

2035 1  Burbank.. 

2049 1  EariyRose 

2051 do 

2048 

2062 

2056 

2039 

2043 

2063 

2088 

2057 


Brown 

Burbank  . . 
Early  Rose 

Brown 

do 

do 

Burbank  .. 


Boneblack 

Sulphate  of  potajsh. 
Muriate  of  potash. . 

do fr. 

lime 

Check 

Lime 

Boneblack 

Sulphate  of  potash. 

Nitrate  of  soda 

Sulphate  of  potash. 

Nitrate  of  soda 

Check 

do 

Boneblack 

Muriate  of  potash. . 
Sulphate  of  potash. 

Lime 

Boneblack 

Lime 

Muriate  of  potash. . 

Nitrate  of  soda 

Muriate  of  potash . . 

Check 

Nitrate  of  soda 

Sulphate  of  potash. 

Boneblack 

Check 

Lime 

Nitrate  of  soda 


Amount 
per  hUl. 


Gram*. 

8 
16 
16 
16 
75 


25 

16 

8 

8 

16 

16 


16 
8 

16 

25 
8 

75 
8 
8 

16 


16 

8 

16 


75 
16 


PerNntr 

age  of 

stoced  to- 

Ibendis- 

;  eased  in 

Febni- 

ary. 


9K.6 
98.0 

«:.2 

9Li 

9L1 

S.3 

9S.2 

«L» 

92.7 

92.S 

2L9 

91.3 

91.0 

9Q.1 

90. 0 

89.3 

88.2 

87.9 

87.9 

87.5 

87.  S 

87.1 

».8 

83.2 

82L8 

82L1 

7K1 

7^1 

74.7 


Table  I  shows  the  percentage  of  tubers  diseased  in  each  plot, 
whether  very  seriously  or  only  slightly.  It  will  be  seen  that  the 
plots  are  arranged  in  order  of  percentage  aflfected,  the  worst  being  at 
the  head  of  the  list.  Those  that  are  most  resistant  to  the  entrance  of 
the  fungus  would,  then,  other  conditions  being  equal,  be  at  the  end. 

Table  II. — Percentage  of  tubers  wholly  affected  witfi  Fusarium  in  Fsbruary,  190S,  by 

plotf  variety y  and  fertilizer. 


Plot. 


2040. 
2042. 
2060. 
2043. 
2055. 
2049. 
2046. 
2053. 
2035. 
2046. 
2054. 
2061. 
2037. 
2060. 
2051. 
2048. 
2047. 
2063. 
2056. 
2039. 


Variety. 


Burbank  .. 

do 

do 

Brown 

Burbank  . . 
Early  Rose 
Burbank  . . 

Brown 

Burbank  . . 
Early  Rose 

'.'.'.'/.do'.'.'.'.'. 
Burbank  . . 

do 

EariyRose 

Brown 

Burbank  .. 
Brown 


Fertiliser. 


Kind. 


Sulphate  of  potash 

Boneblack 

Check 

Boneblack 

Muriate  of  potash 

do 

Sulphate  of  i>otash 

do 

Lime 

Boneblack 

Muriate  of  potash 

Check 

Lime...'. 

Muriate  of  potash 

Nitrate  of  soda 

Muriate  of  potash 

Boneblack 

Check 

EariyRose Nitrate  of  soda..!!.!I!!]!M!! 

— do I  Sulphate  of  potash I 


Amoimt 
per  hill. 


Gntms. 
8 
8 


16 
16 
8 
16 
16 
75 
16 
16 


7S> 

8 

8 

16 

16 


16 
8 


WhollT 
aflecteo. 


49.7 
90.8 
30.2 
21.4 
2&4 
242 
22.3 
22.1 
I9l7 
16.6 
15.4 
15.3 
15.1 
14.6 
13.8 
13.0 
12.8 

ia9 
las 
ia4 
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IOablk  II. — Percentage  of  tubers  wholly  affected  vrith  Fusarium  in  February^  190S,  by 

ploty  variety  f  and  fertilizer — Continued. 


Plot. 


2084. 

20&1. 
'2062. 


a(H4. 

2067. 
2(»8. 
2041. 


Variety. 


Fertilizer. 


Kind. 


Early  Rose Lime 

Brown do , 

Early  Rose \  Nitrate  of  soda 

Burbank Check 

Early  Rose do 

do Lime 

do I  Sulphate  of  potash , 

Burbank Nitrate  of  soda 

Brown do , 


Early  Rose Boneblack 


Amount 
per  hill. 


Gfxxmi. 
75 
75 

8 


25 
16 
16 
16 

8 


Wholly 
affectea. 


9.9 
9.8 
9.8 
9.7 
9.1 
6.5 
6.1 
5.6 
4.9 
2.1 


Table  II  shows  the  percentage  of  tubers  in  which  the  browning  of 
the  vascular  system  has  reached  practically  to  the  apical  end.  This 
does  not  'mean  necessarily  that  it  is  completely  rotted,  for  in  some 
cases  there  is  sound  white  flesh  inside  and  outside  the  ring,  especially 
at  the  apical  end;  while  in  others,  in  >vhich  the  blackening  does  not 
reach  entirely  through  the  potato,  it  is  aflfected  throughout  by  a  semi- 
soft  rot,  partly  bacterial.  A  large  majority  of  the  tubers  recorded  in 
this  table  are,  however,  completely  dry-rotted  by  the  fungus.  Like 
Table  I,  the  plots  are  arranged  in  order,  the  highest  percentage  being 
at  the  top. 

Tablk  111. — Percentage  of  tvhera  showing  tufts  of  mycelium,  f/y  plots,  variety,  and  fertilizer. 


Plot. 


Fertilizer. 


Variety. 


2045 Burbank 


Kind. 


2068 

2048 

2W0 

2042 

2050 

2055 

2087 

2038... .f 

2063 

2060 

2034 

2039 

20M 

2049 

2035!..!!!!.!!!!.!..i  Burbank  .. 

2047 do 

2041 1  Early  Rose 

2059 ' do 

2046 do 


Brown 

do 

Burbank  . . 

do 

do 

do 

do 

Brown 

do 

Burbank  .. 
Early  Rose 

['.'.'.Ao'.'.y.'. 
do 


2058 Brown... 

2043 do... 

2052 Burbank 

2062 do 

2061 

2086 


2044. 
2061. 
2057. 


Early  Ro^e 

.'.'.'.'.do'.'.'.V. 

do 

do 

Burbank  .. 


Sulphate  of  potash. 

do 

Muriate  of  potash . . 
Sulphate  of  potash. 

Boneblack 

Muriate  of  potash. . 

do 

Lime 

do 

Check 

do 

Lime 

Sulphate  of  potash . 
Muriate  of  pota^^h . . 

do 

Lime 

Boneblack 

do 

Check 

Boneblack 

Nitrate  of  soda 

Boneblack 

Nitrate  of  soda 

Check 

do 

Nitrate  of  soda 

Lime 

Sulphate  of  pota.sh , 

Nitrate  of  soda 

do 


Amount 
per  hill. 


Grains. 

16 

16 

16 

8 

8 

8 

16 

25 

75 


75 
8 

16 
8 

75 

16 
8 


16 
16 
16 

8 


16 
25 
16 
d 
16 


Percent- 
age of 
tubers 
showinK 
tufts  of 
myce- 
lium in 
Febru- 
ary. 


67.6 
53.8 
48.1 
45.4 
44.0 
42.7 
42.7 
42.4 
40.5 
38.4 
36.7 
32.9 
29.4 
29.0 
28.1 
2S.0 
20. 3 
25. 
25. 
25.1 
22.9 
2L 
18. 
18. 
15.3 
15.1 
13.7 
11.2 
8.3 
7.8 


7 
1 


9 
7 
4 
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In  Table  III  is  represented  the  percentage  in  each  plot  showing 
white  fungous  tufts,  either  in  cavities  or  on  the  surface.  This  repre- 
sents the  extent  to  which  the  fungus  has  formed  spoi-es,  for  while 
there  are  sometimes  microconidia  borne  on  the  hyphse  in  the  blackened 
ring,  they  are  very  few  in  number;  whereas,  on  the  other  hand,  the 
white  tufts  nefirly  always  bear  them,  usually  in  great  abundance.  Thi;> 
table  is  likewise  arranged  in  order  of  percentage. 

Table  IV. — Giving  number  of  tubers  examined  and  extent  of  disease  in  per  eento,  by  pioL, 

variety,  and  fertilizer,  in  February,  1903.^ 


Plot. 


2041 
'2042 
2046 
2047 
2(M3 
2036 
2037 
2034 
2035 
2038 
2039 

2040 
2044 
2045 
2058 
2049 

2050 
2a'>4 
2055 
2048 
2051 

20)2 

2056 
2057 
2058 

•2am 

2060 
2061 
2062 
2063 


Variety. 


Early  Rose . 
Burbank  ... 
Early  Rose . 
Burbank  ... 

Brown.." 

Karly  Rose  . 
Burbank  ... 
Early  Rose . 
Burbank  ... 

Brown , 

Early  Rose  , 

Burbank  ... 
Early  Rose . 
Burbank  ... 

Brown 

Early  Rose , 

Burbank  ... 
Early  Rose . 
Burbank  . . . 

Brown , 

Early  Rose . 

Burbank  ... 
Early  Rose , 
Burbank  ... 

Brown , 

Early  Rose . 
Burbank  .., 
Early  Rose , 
Burbank  ... 
Brown , 


Fertilizer. 


Boneblack  . 

do 

do 

do 

do 

Lime 

do 

do 

do 

do 

Sulphate  of 
potash. 

do 

do 

do 

do 

Muriate  of 
potash. 

do 

do 

Nitrate    of 
soda. 

do 

do 

do 

Check 

. . . .  .do 

•    •    •    •    wU^^    ■*••■■ 

do 

do 


Gravis, 

8 

8 

16 

16 

16 

25 

25 

76 

75 

75 

8 

8 
16 
16 
16 

8 

8 
16 
16 
16 

8 

8 
16 
16 
16 


B 

• 

3 

1^ 

55 

• 

2 

O 

140 

11.4 

0.7 

143 

.0 

1.4 

151 

9.9 

.0 

266 

6.4 

.4 

146 

15.8 

2.1 

153 

11,8 

.0 

165 

5.5 

1.2 

213 

4.7 

.9 

167 

7.0 

6.1 

173 

8.7 

16.2 

221 

8.1 

9.1 

141 

.0 

7.1 

196 

10.7 

.0 

148 

.0 

2.0 

104 

.0 

7.7 

128 

7.0 

5.6 

199 

1.0 

9.0 

162 

8.1 

1.2 

138 

1.4 

.7 

108 

8.8 

4.6 

144 

12.5 

.0 

150 

7.8 

.0 

172, 

8.1 

8.7 

178 

12.9 

12.4 

61 

.0 

8.2 

276 

6.5 

2.5 

169 

1.8 

4.1 

189 

6.9 

1.6 

186 

7.6 

7.6 

146 

10.3 

11.6 

• 

JO 


87.9 
98.6 
90.1 
93. 2i 
82.1 
88.2 
98.3 
94.4 
87.9 
75.1 
82.8 

92.9 
89.8 
98.0 
92.8 
87.6 

90.0 
95.4 
97.2 
87.1 
87.5 

92.7 
83.2 
74.7 
91.8 
91.0 
94.1 
91.6 
84.8 
78.1 


2 

3 


40.7 

19.6 

29.1 

39.1 

19.91 

45.1 

19.4 

29.1 

21.0 

19.1. 

24.4 

12.8 
33.7 
12.8 
26.9 
18.7 

11.1 
30.9 
31.9 
25.0 
36.1 

36. 0{ 

29.1 

47.8 

34.4 

81.9 

21.9 

33. 8 

S7.3 

16.4 


18.6 
17.6 
13.2 
12.0 
10.9 
18.9 
21.2 
25.4 
15.3 
31.8 
19.6 

6.4 
20.4 
28.4 
14.4 
12. 5i 

23.1 
24.7 
7.2 
18.5 
21.5 

18.7 
19.8 
11.1 
29.5 
13.8 
13.6 
18.5 
16.2 
29.4 


as 


c 

it 
o 


6.4 

9.8 

9.9 

6.8 

4.8 

10.5 

10.3 

12.2 

6.1 

5.8 

10.9 

7.81 
12.8 

S.4 

,0 

14.8 

8.5 
6.5 

10.1 
5.51 

11.1 

8w7 
8.7 
6.2 
4.9 
8.7 
5.3 
11.6 
5.4 
4.8 


11.4 

13.3 

14.5 

10.9 

10.3 

4.5 

19.4 

13.1 

14.7 

5.8 

9.9 

8.5 
11.7 
21.6 
19.2 
10.9 

23.6 

11.1 

9.4 

16.7 

6.21 

8.7 
U.O 

2.8 
1S.1 
15.6 
17.2 

5.8 

7.0 
14.6 


« 
2: 


7.9 
7.7 
6.6 

11.8 
8.9 
2.6 
7.9 
4.7 

12.1 
8.5 
7.7 

7.8 
4.6 
9.4 
9.6 
6.3 

90.0 
8.0 


2.1 
3019- 
16.6 
12.  S 
27.4 

6.5 
15.1 

9.9 
19.7 

9.8 

ia4 


25.7 
44.0 
25.1 

21.9 
IS.  7 
42.4 
32.9 
28.0 
4LX5 
29.4 


49.7  45.4 

6.1:1L* 
22.3167.6 

22.1  53.8 

24.2  28.1 

14.6  42.7 

16.4  29.0 

13.8^  25.4  42.7 


7.4 
2.9\ 


IS.0  48.1 
9.8,  8.3 


11. 9< 
5.9 
6.9 
9.2 
2.1 


13.  S 

10.5 
5.6 
4.9 
9.1 


15.3 


1&7 
15.1 
7.8 
22.9 
25.1 


90.2  96.7 


15.3 


9.718.4 
ia»38.4 


aSeefig.  1,  p.  23. 

In  Table  IV  we  have  recorded  all  the  chief  points  of  interest  covered 
by  the  notes  taken  when  the  potatoes  were  examined.  **  Number 
examined"  includes  all  that  were  stored  during  the  winter  and  exam- 
ined in  February.  In  the  larger  plots  there  were  so  many  that  not 
all  were  saved  at  harvest  time.  "Sound"  includes  all  that  were  cer- 
tainly not  affected  with  the  Fuaarium  disease.  "Doubtful"  includes 
all  those  so  affected,  with  other  complications — e.  g.,  bacterial  rot  and 
the  brown  specking  mentioned  above — in  regard  to  which  it  was  not 
determined  with  certainty  whether  or  not  the  fungus  was  present 
Under  "Diseased  with  Fusarlum'^^  are  all  those  known  to  be  attacked 
by  the  fungus,  i.  e.,  those  presenting  typical  symptoms  free  from 
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Half. 


perplexing  complications.  The  next  six  columns  to  the  right — i.  e., 
the  eighth  to  the  thirteenth,  inclusive — represent  the  distance  from  the 
stem  end  to  which  the  fungus  had  peneti-ated  (see  fig.  1).  Taking  as 
a  basis  a  potato  12  centimeters  long,  if  the  fungus  has  penetrated  not 
more  than  2^  centimeters  the  inroad  is  recorded  as  slight;  from  2i  cm. 
to  5  cm.,  "less  than  half;"  from  5  cm.  to  7  cm.,  "half;"  from  7  cm. 
to  9  em.,  "more  than  half;"  from  9  cm.  to  11  cm.,  "nearly  all;"  from 
11  em.  to  12  cm.,  "all;"  these  distances  measured  on  the  long  axis  of 
the  tuber.  The  last  column  shows 
the  number  in  which  tufts  of  white 
mycelium  ai-e  present,  as  in  Table  III, 
but  in  different  order.  In  (his  table 
the  arrangement  is  such  that  the 
effects  of  like  amounts  of  the  same 
fertilizer  can  readily  be  compared 
in  the  three  varieties  of  potatoes 
studied  to  see  if  there  is  any  differ- 
ence in  varieties  in  regard  to  resist- 
ance to  the  disease. 

A  careful  study  of  these  tables 
shows  that  no  one  fertilizer  stands 
preeminently  at  the  head  of  the  list 
in  any  table  for  all  three  varieties. 
If  any  one  fertilizer  either  furthered 
or  retarded  the  action  of  the  fungus, 
we  should  expect  to  find  it  relatively 
.  near  the  head  or  foot  of  the  list  for 
all  varieties  and  for  both  amounts 
used,  but  such  is  not  the  case.  That 
is,  for  example,  in  Table  I  the  plot 
of  Burbanks  fertilized  with  8  grams 
of  boneblack  has  the  highest  per- 
centage of  diseased  tubers,  while  the 
checks  are  much  farther  down  and 
widely  separated;  but,  in  the  case  of 
the  Early  Rose,  boneblack,  8  grams, 
comes  below  three  of  the  checks.  Furthermore,  in  the  Burbank  plots 
the  lesser  amount  of  boneblack  comes  before  the  greater  in  the  list, 
while,  with  the  Early  Rose,  the  reverse  is  true.  A  similar  comparison 
of  any  other  two  fertilizers  used  shows  similar  inconsistencies.  One 
would  expect  the  checks  of  each  variety  to  be  together  in  the  table, 
but  though  such  is  the  case  with  the  Early  Rose  in  this  table  those  of 
the  Burbanks  are  widely  separated,  more  than  half  the  list  lying 
between  them. 
In  Table  II  the  comparison  is  no  better.     Here  Burbank,  potassium 


( 


Less  th%w  licdf. 


I 

I 

e/  • 


Fio.  1.— -Diagram  of  a  longitudinal  section  of 
a  diseased  tuber. 
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8ulpbate,  8  grams,  stands  first,  with  one  check  close  below  and  tbe 
other  almost  at  the  end  of  the  lUt,  while,  with  tbe  Early  Rose,  potas- 
sium sulphate,  8  grams,  stands  below  the  middle  with  one  check  eight 
number::*  above  and  the  other 


five  below.  It  will  be  seen  that 
in  both  varieties  the  two  checks 
are  widely  separated. 

In  Table  HI,  Burbank,  potas- 
sium sulphate,  IC  grams,  stands 
tirst,  with  one  check  a  third  of 
the  way  down  the  li^t  and  the 
^^^^  other  nearly  at  the  end,  and, 
"~^  with  the  Eaily  Rose,  pota^ium 
sulphate,  16  grams,  is  third 
from  the  end  with  one  check 
three  and  the  other  nine  num- 
bers above. 

Comparing  the  varieties  in 
Table  IV,  we  find  equal  compli- 
cations. With  boneblack,  16 
grams,  in  tbe  column  showing 
the  percentage  diseased,  llur- 
bank  has  tbe  highest  per  cent, 
Eiily  Rose  next,  and  "  Brown" 
third,  but  with  lime,  75  grams. 
Early  Rose  stands  highest.  Bur- 
hank  second,  and  "Brown"' 
,  ,  third,  while  with  potassium 
'x^  sulphate,  16  grams,  Burbank  is 
highest,  ''Brown"  second,  and 
Early  Rose  third.  Comparing 
them  in  the  last  column,  which 
represents  the  percentile  show- 
ing white  tufts  of  mycelium, 
we  find  that  with  boneblack. 
16  grams,  Burbank  is  high- 
est, Early  Rose  second,  and 
"Brown"  third;  with  lime,  75 
grams,  '"Brown"  is  highest. 
Early  Rose  next,  and  Burbank 
third;  and  with  potassium  sul- 
phate, 16  grams,  Burbank  is  highest,  "Brown"  second,  and  Early 
Rose  third.  Many  other  sucb  comparisons  can  l>e  made  through  the 
table,  but  no  one  variety  can  be  fouad  constantly  with  a  higher  or  s 
lower  percentage  in  any  one  column. 


eiporlmenia]  pouto  Held,  sliiiw- 
c  of  poiAloes 
found  In  the  ploli'  on  July  27,  1902.  A  eras  indi- 
cates IbHt  all  Ihc  shoots  la  thai  hill  were  sflucled. 
An  oblique  line  liidlcalea  thai  a  pan  only  <jt  the 
thoou  wer?  adected.   Small  plou  are  omitted. 
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Prom  a  study  of  these  tables  one  conclusion  is  very  apparent,  viz, 
that  other  factors  than  the  fertilizers  and  varieties  have  taken  a  part 
in  detei-mining  the  relative  extent  and  severity  of  the  disease  in  the 
different  plots.  What  these  factors  are  has  not  as  yet  been  determined. 
In  the  treatment  of  the  ground  while  the  potatoes  were  growing  and 
during  the  previous  year,  and  in  the  seed  tubers  planted,  there  was  no 
appreciable  difference.  Neither  would  the  location  in  the  field  of  the 
different  plots  be  expected  to  make  any  considerable  difference  (tig.  2). 
There  was  a  plantation  road  on  two  sides,  other  potatoes  from  the 
same  lot  of  Burbank  seed  on  a  third  side,  and  bluegrass  on  the  fourth, 
and  none  of  these  would  be  expected  to  have  any  effect  on  the  preva- 
lence of  the  disease  in  the  experimental  plots,  especially  as  the  roads 
were  very  wide,  so  that  passers-by  rarely  came  in  contact  with  the 
plants.  In  the  storage  of  the  tubers  during  the  winter  there  was  the 
chief  difference  in  treatment;  but  even  here,  as  will  be  seen  from 
the  previous  description  of  how  the  potatoes  were  kept,  the  only 
essential  difference  was  in  the  pressure  the  various  bags  had  to  sustain 
and  the  fact  that  the  upper  tier  was  bounded  above  by  a  layer  of  cotton 
and  the  lower  one  lay  in  contact  with  a  cement  floor.  These  condi- 
tions can  scarcely  be  considered  sufficient  to  account  for  the  differences 
found  in  the  several  plots. 

During  the  early  course  of  the  disease  the  distribution  in  the  field 
was  very  uneven.  Exact  data  as  to  what  plants  were  affected  at  any 
one  time  could  not  be  obtained,  as  during  the  early  stages  of  infection 
there  was  no  change  in  the  appearance  of  the  tops,  and  a  minute 
examination  of  the  roots  and  tubers  could  not  be  made  without  destroy- 
ing the  future  usefulness  of  the  plots.  A  careful  examination  of  the 
leaves  and  shoots  was  made,  however,  on  July  27,  and  a  record  was 
taken  of  all  those  hills  in  which  the  disease  had  progi'essed  far  enough 
to  show  symptoms  above  ground.  The  distribution  of  these  is  shown 
in  fig.  2.  This  represents  a  diagram  of  the  field,  showing  the  arrange- 
ment of  the  plots,  fertilizers  used,  and  the  distribution  of  the  plants 
showing  the  disease  in  the  tops  on  July  27.  The  lines  represent  the 
potato  rows,  and  their  intersections  represent  the  hills.  The  hills 
entirely  diseased  are  marked  with  a  cross;  those  partially  diseased, 
with  an  oblique  line. 


26 


DRY   EOT   OF   POTATOES. 


Table  V. — Distribution  of  disease  in  the  fields  July  97 ^  190S,  as  determined  Inf  ituftctin 

of  parts  above  ground. 


Plot. 


20G0 
2061 
2062 
206O 
2034 
2089 
2067 
2a'i6 
2042 
2054 
2047 
2065 
•20r)l 
2019 
2035 
2096 
2040 
2057 
2045 
2044 
2052 
20^16 
2060 
2041 


Variety. 


EarhrRose 

BurbADk  .. 

do 

EarlvRose 

Burbank  .. 
Early  Rose 
Burbank  .. 
Early  Knee 
Burbank    . 

do 

Earlv  Rose 

Burbank  . . 
Early  Rose 
Burbank  . . 

do 

do 

Early  Rose 
Burbank  .. 
Early  Rose 
Burbank  .. 
Sarly  Roee 


Fertilizer. 


Kind. 


Amount. 


Check 

do 

do 

do 

Ume 

Sulphate  of  potash 

Lime 

Nitrate  of  soda 

Boneblack 

Muriate  of  potash . 

Boneblack 

Muriate  of  pota^ . 

Nitrate  of  soda 

Muriate  of  potash . 
Lime 

do 

Sulphate  of  potash 
Nitrate  of  soda 
Sulphate  of  potash 

do 
Nitrate  of  soda . . . 

Boneblack 

Muriate  of  potash 
Boneblack 
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8 
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16 

8 

16 

16 

16 

8 

8 

75 

26 
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16 
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8 

16 

8 
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10 
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13 

6 

5 

7 

9 

6 

9 
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8 
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35 
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23 
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21 
II 
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9 
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s 
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29 

2g 

20 
21 
21 
19 
17 
12 


Table  V  gives  the  percentage  in  each  plot  that  showed  the  effect  of 
the  disease  in  the  tops  on  July  27.  A  study  of  this  table  reveals  the 
fact  that  the  distribution  of  the  disease  does  not  consistently  follow 
either  variety  or  fertilizer,  neither  are  the  plots  in  the  same  relative 
position  in  this  table  and  in  Table  I.  It  also  shows  that  at  this 
date  the  checks  were  more  seriously^  affected  than  any  of  the  fer- 
tilized plots. 

The  distribution  of  the  disease  in  the  *' Browns"  does  not  appear 
in  figure  2  or  in  Table  V,  as  the  leaves  of  these  plants  were  so  Imdly 
affected  with  "tip- burn"  at  the  time  the  notes  were  taken  that  it  could 
not  alwa3's  be  told  which  were  affected  with  the  Fmartuin  disease. 

From  what  precedes,  it  appears  that  though  fertilizere  and  varie- 
ties may  have  some  influence  on  the  resistance  of  potatoes  to  the 
Fmarium  disease,  in  the  case  of  those  particular  fertilizers  and  varie- 
ties tested  this  effect  was  so  slight  that  it  was  entirely  hidden  by  the 
effect  of  other  factors  as  yet  little  understood. 

The  experiments  were  repeated  in  1903  on  the  same  land,  using  the 
same  fertilizers  and  same  varieties,  but  with  healthy  seed  potatoes 
obtained  from  a  distance.  The  results  were  abundant  scattered 
development  of  the  disease  on  the  foliage  and  tubers  in  summer  and 
fall  and  slow  increase  of  the  disease  in  the  stored  tubers  during  late 
autumn  and  early  winter.  The  tubers  were  stored  in  a  cool,  dry  place, 
and  when  examined  late  in  December  a  very  large  majority  of  them 
were  found  affected  with  the  brown  or  black  stain  in  the  vessels  at  the 
stem  end,  but  this  rarelv  extended  in  more  than  1  cm.  and  the  tubers 
appeared  sound  externally.     Bacterial  decay  was  rare.    In  the  sacks 
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of  tubers  examined  December  21  less  than  10  per  cent  were  free 
from  the  Fusarium  disease.  The  slower  progress  of  the  disease  in 
the  stored  tubers  in  1903  was  undoubtedly  due  to  the  fact  that  they 
were  housed  in  a  much  cooler  place.  Cultures  were  made  from 
the  blackened  vascular  system  in  24  of  these  potatoes.  All  yielded  the 
fungus.  Some  also  yielded  bactenal  colonies  of  various  sorts.  As  in 
the  cultures  made  from  the  crop  of  the  preceding  year  the  fungus  did 
not,  like  the  bacterial  colonies,  spring  up  at  random  anywhere  on  the 
surface  of  the  potato  block,  but  grew' out  of  the  deeper  portions  of 
the  vascular  system,  first,  as  separated  sparse  hyphsB,  then  as  luxuriant 
masses  of  sporiferous  mycelium. 

DESCBIFTIGN  OF  THE  FUNGUS. 

The  form,  color,  and  habits  of  growth  of  this  fungus  depend  much 
on  the  medium  in  which  it  is  grown.  As  it  is  found  in  the  diseased 
plants,  the  mycelium  is  rather  slender,  with  frequent  septa,  nearly 
colorless,  and  much  branched  in  the  parenchyma,  but  less  so  where 
it  follows  the  xylem  ducts  (PI.  VIII,  fig.  34).  There  are  a  few 
microconidia  borne  inside  the  host,  but  they  are  not  numerous  except 
where  there  is  a  cavity  of  some  kind,  and  are,  therefore,  easily  over- 
looked. Where  the  fungus  breaks  out  in  tufts  on  the  surface  of  the 
tubers  it  is  white  or  pinkish,  and  bears  an  abundance  of  microconidia, 
often  many  macroconidia,  and  sometimes  chlamydospores.  These 
tufts  are  from  a  few  millimeters  to  several  centimeters  in  diameter, 
and  usually  a  little  less  than  a  centimeter  tall.  The  individual  hyphee 
in  these  tufts  are  very  much  branched,  with  many  septa. 

In  the  many  different  kinds  of  culture  media  used  this  fungus 
showed  a  number  of  very  striking  variations.  For  this  reason  it  is 
impossible  to  give  a  general  description  that  will  hold  universally. 

Sugar-beet  agar  (789^)  was  most  used  for  poured  plates,  and  boiled 
potato  cj^linders  (792  and  others)  were  the  standard  medium  for  tube 
cultures,  as  they  afforded  the  same  food  as  the  host,  differing  only  in 
being  boiled. 

The  fungus  used  for  all  the  comparisons  on  different  media  has 
descended  directly  from  a  single  spore  that  developed  in  a  plate 
poured  from  the  interior  of  a  tuber  that  was  affected  with  the  Fma- 
riuia  disease  only.  The  outside  was  pared  off  and  the  exposed  sur- 
face sterilized  with  a  hot  spatula.  A  slice  was  then  cut  off  with  a  hot 
scalpel  and  a  little  of  the  diseased  part  underneath  was  transferred 
with  a  sterile  instrument  to  beef  bouillon.  This  was  used  to  inoculate 
tubes  of  beef  agar  from  which  six  plates  were  poured.     Only  fungus 

« These  numbers  are  given  to  the  culture  media  when  they  are  ma<ie  up,  and 
appear  as  a  permanent  record  in  the  laboratory,  with  an  exact  description  of  the 
entire  process  by  which  they  are  made.  These  descriptions  may  b©  found  near  the 
end  of  tills  bulletin  (pp.  65-69). 
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oolonies  appeared  in  these  plates,  and  these  seemed  to  be  all  alike.  A 
little  of  one  of  these  colonies  was  transferred  to  a  tube  of  boiled 
potato,  and  this  was  used  as  a  starting  point  for  the  inoculation  of  the 
different  culture  media.  The  fungus  was  obtained  in  pure  cultures 
from  many  other  tubers  and  compared  with  the  one  just  described  to 
make  sure  that  it  was  the  true  parasite  under  investigation.  Three 
kinds  of  spoi^es  are  produced  by  this  fungus — microconidia,  macro- 
ooviidia,  and  chlamydospores.  These  will  be  described  in  detail  a 
little  farther  on. 

MYCELIUM. 

On  poured  plates  of  sugar-beet  agar  (789),  the  spores  germinate  in 
a  few  hours  at  moderate  temperatures  (20^  to  27"^  C.)  and  in  about 
twenty-four  hours  the  colonies  become  visible  to  the  naked  eye.  They 
grow  in  diameter  i-apidly,  being  at  the  end  of  nine  days  about  6  to  7 
centimeters  across,  if  the  growth  is  not  interfei'ed  with  by  the  sides  of 
the  dish  or  by  other  colonies.  The  margin  is  as  a  rule  approximately 
circular^  though  not  exactly  so.  Such  a  colony  9  days  old  is  shown  in 
Plate  VII.  These  colonies  are  made  up  of  concentric  zones.  In  the 
center  is  a  rather  dense  tuft  about  3  millimeters  high.  Outside  this  is 
a  zone  in  which  the  aerial  mycelium  is  very  short;  farther  out  is  a 
second  zone  of  nn^celium,  about  as  dense  as  that  in  the  center  and 
somewhat  taller — 5  to  10  millimeters  high.  The  rest  of  the  colony 
making  up  the  outside  zone  is  of  short  mycelium,  and  this  shows 
several  concentric  rings,  caused  by  different  degrees  of  densit^^  in  the 
mycelium  and  abundance  of  spores.  As  the  colon}'  grows  older  the 
zone  of  taller  mycelium  becomes  wider,  but  this  widening  is  much 
slower  for  a  time  than  the  growth  of  the  outer  zone.  Eventually, 
however,  the  entire  colony  produces  the  taller  mycelium.  Microco- 
nidia  are  borne  in  all  parts  of  the  colony,  except  the  extreme  margin 
of  about  1  millimeter.  They  are  not  confined  to  the  part  above  the 
surface  of  the  substratum,  but  are  also  formed  in  the  agar  itself.  In 
the  extreme  edge  of  the  colony  the  hyphae  are  seen  to  be  pushing 
out  radially  with  very  little  branching,  while  a  little  farther  back 
lateral  branches  are  being  pushed  out  (PL  VIII,  fig.  1).  Still  farther 
back  the  microconidia  and  macroconidia  are  being  formed,  and  a 
little  later  the  chlamydospores.  While  very  young  the  mj'celium  is 
usually  densely  crowded  with  granular  protoplasm,  but  later  it  becomes 
much  vacuolated.     The  cells,  at  least  many  of  them,  are  uninucleated. 

MICROCONIDIA. 

The  mode  of  formation  of  the  microconidia  was  best  studied  in 
plates  of  sugar-beet  agar.  For  this  purpose  specially  made  petri 
dishes  with  extra  thin  bottoms  were  used.  By  inverting  these  on  the 
stage  of  the  microscope  the  growth  of  the  fungus  could  be  studied 
without  injury  or  disturbance  to  the  cultures. 
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The  method  by  which  the  microconidia  are  produced  is  shown  in 
I?late  Vlll,  figures  2-12.  The  end  of  a  long  hypha,  or  more  usually 
a  lateral  branch,  is  directly  cut  oflf  from  the  remaining  portion  by  a 
very  wide  constriction  furrow  (PI.  VIII,  fig.  3).  The  time  taken  to  do 
this  is  difficult  to  ascertain  with  exactness,  as  the  furrow  is  at  first  so 
very  wide  that  it  can  not  be  distinguished  from  the  many  slightiy 
narrower  places  in  the  mycelium  found  at  irregular  intervals.  It  is 
certain,  however,  that  it  does  not  require  more  than  half  an  hour  as  a 
rule,  and  often  not  more  than  half  that  time. 

As  soon  as  one  of  these  microconidia  is  cut  off  the  hypha  begins  to 
elongate,  pushing  past  it,  if  it  is  embedded  in  the  agar,  so  that  it  can  not 
fall  off,  or  shoving  it  out  of  the  way.  This  continues  until  the  point 
has  advanced  even  with  the  farther  end  of  the  first  microconidium, 
but  even  before  this  growth  is  complete  a  similar  constriction  furrow 
begins  to  cut  off  a  second  microconidium  (PI.  VIII,  fig.  6).  This 
process  continues  until  sometimes  as  many  as  six  or  eight  microconidia 
are  formed  from  one  branch,  and  lie  side  by  side  in  a  little  group. 
The  time  from  the  cutting  off  of  one  until  the  cutting  off  of  the  next 
has  been  observed  to  vary  from  2  to  5  hours.  The  microconidia  are 
oval  or  elliptical  in  shape,  thin-walled,  one-celled,  uninucleate,  and 
slightly  curved. »  They  vary  in  length  from  6.4/*  to  16/«,  and  in 
diameter  from  2/*  to  2.7 ji,  the  most  common  size,  when  growing 
in  this  medium,  being  9.8/*  in  length  by  3.2/<  in  diameter. 

The  time  required  for  germination  varies  somewhat  in  different 
media,  and  greatly  for  the  different  individuals  in  the  same  medium. 
To  determine  this  a  tube  of  each  of  several  kinds  of  media  was  inocu- 
lated copiously  from  a  culture  36  days  old  growing  on  boiled  potato 
made  +25  on  Fuller's  scale  with  tartaric  acid,  and  which  contained  all 
three  kinds  of  spores  in  abundance.  From  each  of  these  tubes  two 
Van  Tieghem  cells  were  made,  and  examined  at  frequent  intervals  for 
several  houi*s.  The  temperature  of  the  room  was  from  22°  to  26°  C. 
The  results  are  shown  below. 

In  sterile  distilled  water  a  few  microconidia  began  to  germinate  in 
6  houi*s,  and  in  8  hours  many  were  pushing  out  genn  tubes.  In  10 
hours  nearly  half  were  germinating,  but  none  of  the  germ  tubes  were 
very  much  branched.  In  24  hours  the  process  had  advanced  but  little 
farther  than  in  10  hours. 

In  sugar-beet  agar  (789)  germination  began  in  5^  hours,  and  in  9 
hours  about  one-half  the  microconidia  were  germinating,  though  none 
were  very  far  advanced;  but  in  13  hours  practically  all  had  germinated, 
and  the  young  mycelium  of  many  was  somewhat  branched.  In  24 
hours  the  mycelium  had  f onned  many  microconidia,  and  a  very  few 
macroconidia  and  chlamydospores.  After  4  days  there  were  numerous 
microconidia  and  a  few  macroconidia  and  chlamydospores. 

In  beef  bouillon  (858)  germination  began  in  about  6  hours,  and  in 
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9  hoars  more  than  half  the  spores  were  germinating^  though  none  had 
advanced  very  far.  In  12  hours  practically  all  had  begun  to  germinate. 
In  24  hours  a  few  microconidia  and  macrooonidia  had  been  formed, 
and  a  very  few  immature  chlamydospores.  After  4  days  all  three 
kinds  of  spores  were  numerous. 

In  Baulin's  fluid  (822)  germination  began  in  6  hours,  and  in  9  hoars 
about  one-half  of  the  spores  had  begun  to  germinate,  though  none  had 
advanced  very  far.  In  13^  hours  practically  all  had  begun  to  germi- 
nate. In  24  hours  a  few  microconidia  had  been  formed,  but  no  macro- 
conidia  or  chlamydospores  could  be  found.  After  4  days  there  were 
numerous  microconidia  and  a  very  few  macroconidia  and  chlamydo- 
spores. 

In  Uschinsky's  fluid  (841)  germination  began  in  about  6  hours,  and 
in  9i  hours  at  least  half  the  spores  had  sent  out  germ  tubes,  but  these 
were  not  very  complex.  In  14  hours  all  the  spores  had  begun  to 
germinate.  In  24  hours  a  few  microconidia  had  been  formed,  but 
no  chlamydospores  or  macroconidia  were  found.  After  4  days  the 
macroconidia  were  numerous,  and  there  were  a  few  microconidia  and 
chlamydospores. 

As  all  three  kinds  of  spores  were  germinated  in  the  same  Van 
Tieghem  cells,  it  was  impossible  to  distinguish  the  mycelium  of  one 
from  that  of  another  after  the  time  they  began  bearing  spores. 

In  all  the  media  except  the  distilled  water  the  growth  of  the  myce- 
lium had  progressed  so  far  in  24  hours  that  it  would  have  been  almost 
impossible  to  trace  all  the  brunches  belonging  to  some  of  the  individ- 
uals, though  others  were  still  quite  simple.  Very  few  were  left  unger- 
minated  in  any  of  the  media  except  distilled  water,  where  more  than 
half  failed  to  germinate. 

The  germination  of  the  microconidia  is  very  simple  (PI.  VIII,  figs. 
13-15).  They  first  swell  a  little  and  become  thick  in  proportion  to 
their  length — sometimes  almost  spherical;  then  at  one  end  a  germ  tube 
is  pushed  out,  and  a  little  later  another  usually  forms  at  the  opposite 
end.  Later  these  branch  and  become  septate.  The  spore  itself  is 
noticeable  for  some  time  as  a  thickened  place  in  the  young  mycelium 
and  might  easily  be  mistaken  for  a  young  chlamydospore. 

MACROCONIDIA. 

It  is  bj-  this  kind  of  spore  that  the  form-genus  JFusarium  is  com- 
monly distinguished.  In  the  one  under  consideration  they  vary  much 
in  size  and  shape,  depending  on  the  culture  media  used,  though  they 
are  hy  no  means  of  equal  size  in  the  same  medium.  In  a  Van  Tieghem 
cell  of  Uschinsky's  fluid  (841),  5  days  old,  they  vary  from  10/«  to  36/« 
in  length  and  from  3.5/i  to  6/«  in  diameter,  28/i  by  4.5;^  being  the 
most  usual  size.  In  this  medium  they  are  from  one  to  five  septate, 
usually  three,  slightly  constricted  at  the  septa,  not  sharp-pointed,  vary- 
ing from  nearly  straight  to  very  much  curved  (PI.  VIII,  figs.  23-25). 
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In  boiled  potato  (871),  made  +25  on  Fuller's  scale  with  tartaric  acid, 
they  are  somewhat  smaller  and  more  sharply  pointed.  Those  found 
in  the  cavities  of  diseased  potatoes  are  usually  very  blunt  at  the  ends. 
^11  are  thin-walled  and  contain  1  nucleus  to  each  cell. 

The  formation  of  the  macroconidia  is  somewhat  similar  to  that  of 
the  microconidia.  They  are  not,  however,  borne  beneath  the  surface 
of  the  substratum,  and  consequently  drop  off  immediately.  The  proc- 
ess is  therefore  much  more  difficult  to  study.  They  are  cut  off  from 
the  ends  of  short  lateral  bi*anches  by  constriction  furrows  (PI.  VIII, 
figs.  16-19).  When  first  formed  the  macroconidia  are  somewhat 
smaller  and  less  pointed  than  when  mature,  and  usually  have  no  septa, 
these  being  formed  after  2  or  3  hours.  Just  how  many  may  be  con- 
stricted from  the  same  branch  was  not  determined  definitely,  because 
being  borne  only  in  the  air  they  immediately  dropped  off  and  were 
lost,  but  as  many  as  five  have  been  counted,  and  probably  there  are 
often  more.  The  branches  that  bear  the  macroconidia  differ  from 
those  bearing  the  microconidia  in  having  a  swollen  portion  in  the 
middle  and  a  constricted  portion  at  the  base  (PI.  VIII,  figs.  16-19). 

As  with  the  microconidia,  the  time  of  germination  varies  much  with 
the  different  culture  media. 

In  sterile  distilled  water  germination  began  in  3  hours.  In  4  hours 
about  half  of  the  macroconidia  had  begun  to  germinate  and  in  7  hours 
pi*actically  all  were  germinating.  The  germ  tubes  never  became  much 
branched,  however. 

In  sugar-beet  agar  (789)  germination  began  in  5  hours;  half  the 
macroconidia  were  germinating  in  5i  hours,  and  all  had  begun  in  8 
hours. 

In  beef  bouillon  (858)  a  few  were  germinating  in  4i  hours,  half  in  6 
hours,  and  all  in  8i  hours. 

In  Eaulin's  fluid  (822)  a  few  were  germinating  in  5i  hours,  half  in 
6  hours,  and  all  in  8  hours. 

In  Uschinsky's  fluid  (841)  a  few  had  begun  to  genninate  in  4  hours, 
half  in  4i  hours,  and  all  in  7  hours. 

In  all  these  solutions  practically  every  one  of  these  spores  germi- 
nated. In  all  but  the  distilled  water  the  germ  tubes  grew  and 
branched  rapidly,  so  that  at  the  end  of  12  hours  many  of  them  were 
too  complex  to  be  traced.  This  was  true  of  nearly  all  after  24  hours. 
The  spores  which  formed  in  these  cells  in  24  hours  and  in  4  days  have 
been  mentioned  under  the  germination  of  the  microconidia  which 
were  in  the  same  cells. 

The  germination  of  the  macroconidia  is  somewhat  complicated  by 
the  number  of  cells  (PI.  VIII,  figs.  20-22).  The  end  cells  usually 
germinate  first,  though  this  is  by  no  means  always  the  case,  and  the 
tube  is  sent  out  from  the  end  of  the  cell,  or,  less  frequently,  from  the 
side.  Sometimes  every  cell  in  the  spore  germinates,  but  ver}'^  often 
one  or  two  near  the  middle  of  the  spore  fail  to  do  so.     As  is  the  case 


32  DRY   BOT   OF  POTATOES. 

with  the  microconidia  there  in  a  considerable  swelling  just  before 
germination,  and  the  spores  are  to  be  distinguished  for  a  long  time  as 
swollen  places  in  the  mycelium. 

The  macroconidia  produced  in  cultures  vary  in  number  according  to 
the  medium  more  than  do  the  microconidia  (Tables  VII,  IX,  and  X). 

CHLAMYDOSPORES. 

The  chlamydospores  are  produced  as  swellings  of  the  mycelium. 
These  may  be  either  intercalary  or  terminal,  on  long,  comparatively 
straight  hyphse  or  short  lateral  branches  (PI.  VIII,  figs.  26-29).  Some- 
times there  are  several  on  the  same  hypha,  close  together  like  a  string 
of  beads. 

The  first  indication  of  the  formation  of  a  chlamydospore  is  a  slight 
enlargement  at  a  certain  point  on  a  hypha,  either  at  the  tip  or  just 
behind  a  septum.  This  continues  until  a  relatively  large,  nearly  per- 
fect sphere  is  formed,  which  is  cut  off  by  cross  walls  shortly  before  it 
reaches  its  definitive  size  (PI.  VIII,  figs  26-29).  The  time  required 
for  a  chlamydospore  to  mature  is  much  longer  than  for  a  microconi- 
dium  or  a  macroconidium. 

The  walls  of  these  spores  are  relatively  thick  when  mature,  and 
seem  to  be  made  up  of  two  layers,  though  this  could  not  be  brought 
out  very  sharply  with  Flenuning's  triple  stain.  They  are  smooth  and 
light  brown  in  color.  The  size  in  sugar-beet  agar  (789)  varies  from 
5.5ju  to  13;<,  about  10/<  being  the  usual  size.  All  are  one  celled  and 
each  contains,  at  least  at  one  stage,  a  single  nucleus. 

In  boiled  rice  made  so  strongly  acid  that  the  growth  was  less  than 
one  millimeter  high  the  chlamydospores  were  the  only  fruiting  bodies 
found.  Under  such  conditions  they  vary  from  their  normal  spherical 
shape  and  become  very  irregular,  sometimes  to  such  an  extent  as  to 
be  scarcely  recognizable. 

The  chlamydospores  are  borne  in  abundance  both  in  the  substratum 
and  above  it,  if  the  medium  is  favorable.  They  \^ry  considerably  in 
number  according  to  the  medium  used,  but,  as  will  be  seen  from 
Tables  VI-IX,  at  least  a  few  were  formed  in  every  kind  of  medium  in 
which  the  fungus  was  able  to  grow.  They  seem  to  be  more  resistant 
to  unfavorable  conditions  than  the  other  two  kinds  of  spores  but  are 
hardly  to  be  considered  as  resting  spores,  since  in  cultures  a  month 
old  they  germinate  readily  in  a  very  short  time;  but  here  also  this 
varies  much  with  the  medium  used. 

In  the  Van  Tieghem  cells  described  above,  in  distilled  water  the 
germination  of  the  chlamydospores  began  in  4  hours,  and  at  the  end 
of  24  hours  the  germ  tubes  were  only  slightly  branched.  A  little 
more  than  half  entirely  failed  to  germinate. 

In  sugar-beet  agar  (789)  a  few -weFft.  beginning  to  germinate  in  5 
hours,  half  of  them  in  8  hours,  and  alt  in  1€^  hours. 
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In  beef  bouillon  (858)  a  few  had  begun  to  germinate  in  4^  hours, 
half  of  them  in  6  hours,  and  all  in  8i  hours. 

In  Kaulin's  fluid  (822)  a  few  had  begun  to  germinate  in  6  hours, 
half  of  them  in  Si  hours,  and  practically  all  in  12^  hours. 

In  Uschinsky's  fluid  (841)  a  few  were  beginning  to  germinate  in  6 
hours,  about  half  in  9  hours,  and  practically  all  in  12  hours. 

In  all  the  media  except  the  distilled  water  the  germination  of  the 
chlamydospores  was  very  complete,  scarcely  one  failing  to  genninate. 
In  nearly  all  cases  24  hours'  growth  had  made  the  young  mycelium 
much  branched — often  too  much  so  to  be  followed. 

As  in  the  case  of  the  microconidia,  the  germination  is  very  simple 
(PL  Vni,  figs.  30-33).  A  germ  tube  is  pushed  out  from  one  side, 
and  this  grows  and  branches  into  a  complex  mycelium.  Cases  have 
been  observed  in  which  there  were  two  germ  tubes,  but  these  were 
rather  unusual. 

The  chlamydospore  is  so  much  larger  in  diameter  than  the  hypha 
that  it  remains  very  noticeable  until  hidden  by  the  tangled  mycelium. 

Table  VI  shows  more  clearly  a  comparison  of  the  germination  of  all 
three  kinds  of  spores  on  the  above  media.  All  three  were  studied  in 
the  same  Van  Tieghem  cells — two  for  each  kind  of  medium.  The 
inocidations  were  made  at  10  a.  m.  from  a  36-day  culture.  The  tem- 
perature varied  from  22^  to  26^  C.  In  a  previous  experiment,  made 
at  a  temperature  of  about  30°  C,  the  germination  was  somewhat  more 
rapid. 

Table  VI. — Germination  of  spores. 


Kind  of  me- 
dium. 


DUtilled 
water. 


Sugar-beet 
agar. 


Beef  bouil- 
lon. 


Raulln'8 
fluid. 


Uach  in- 
nky's  flu- 
id. 


Kind  of  spores. 


A 

few 
i  spores 
germi- 
nat- 
ing. 


Half 

of 
spores 
germi- 
nat- 
ing. 


(Microeonidia 
Macroeonidia  .. 
Chlamydospores 


(Microconidia . . . 
Macroeonidia  .. 
Chlamydospijres 

(Microconidia 
MacrcKJonidia  .. 
Chlamydospores 


All 
of 
spores 
germi- 
nat- 
ing. 


Condition  at  the  end  of 
*24  hours. 


{Microconidia 
Macroeonidia  .. 
Chlam  y  dospores 


[Microconidia 
<  Macroeonidia  .. 
iChlamydojjpores 


14021— No 


None  of  the  germ  tubes 
much  branched. 
More  than  half  of  the 
microconidia  and 
chlamydospores  not 
germinated. 

Many  microconidia  and 
a  very  few  macroeo- 
nidia and  chlamyrlo- 
spores  had  been 
formed. 

A  few  microconidia  and 
macroeonidia  and  a 
very  few  chlamydo- 
spores had  been 
formed. 

A  few  microconidia  but 
no  macroeonidia  or 
chlamydospores  had 
been  formed. 

A  few  microconidia  but 
no  macroeonidia  or 
chlamydospores  had 
been  formed. 


Condition  at  the  end 
of  4  days. 


About  the  same  as 
at  the  end  of  24 
hours. 

Very  many  micro- 
conidia and  a  few 
macroeonidia  and 
chlam  yd  o  s  p  o  r  e  s 
had  been  formed. 

Many  microconidia, 
macroeonidia.and 
chlamydospores 
had  been  formed. 

A'ery  many  microco- 
nidia and  a  very 
few  macroeonidia 
and  chlumydo- 
•spores  had  been 
formed. 

Very  many  macro- 
eonidia and  a  few 
microconidia  and 
chlamydospores 
had  been  formed. 


} 
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The  above  table  shows  that  for  the  germination  of  microconidia  beef 
bouillon  is  rather  the  best  medium  used  and  distilled  water  decidedly 
the  poorest. 

For  macroconidia  distilled  water  is  a  little  the  best  for  the  early 
stages  of  germination,  though  Uschinsky's  fluid  is  nearly  as  good,  and 
beef  bouillon  is  rather  the  poorest,  though  there  is  but  little  difference 
between  it  and  Raulin's  fluid.  In  all  of  the  media  this  spore  form 
germinated  a  little  earlier  than  the  microconidia. 

For  chlamydospores  beef  bouillon  is  the  best  and  distilled  water  the 
poorest 

Though  not  under  the  head  of  germination,  this  table  also  shows 
that,  relatively  speaking,  sugar-beet  agar  produces  the  most  micro- 
conidia, Uschinsky's  fluid  the  most  macroconidia,  and  beef  bouillon  the 
most  chlamydospores.  This  is  extremely  interesting,  as  it  shows  very 
strikingly  how  much  the  medium  influences  the  kinds  of  fruiting 
bodies  produced. 

Table  VI  also  shows  at  how  very  early  a  period  the  spores  are 
formed.  From  the  fact  that  all  three  kinds  of  spores  were  germinated 
in  the  same  cells,  it  would  be  impossible  to  say  with  certainty  from 
which  kind  of  spore  the  mycelium  bearing  microconidia,  macroconidia, 
or  chlamydospores  came.  There  is  much  evidence,  however,  that  the 
mycelium  from  any  one  kind  will,  under  the  right  conditions,  produce 
all  three. 

SCLEROTIA. 

There  are  produced  in  all  cultures  on  boiled  potato  small  masses 
of  green  sclerotia  not  more  than  5  mm.  in  diameter  and  irregular 
in  shape.  These  are  borne  at  the  surface  of  the  potato,  often  partly 
covered  with  white  mycelium,  and  were  not  found  on  any^  of  the 
other  media  used,  not  even  on  i-aw  potato.  These  masses  are  light 
green  in  color — ^about  the  same  shade  as  Pe7iicilUum  glaticuni.  They 
are  rather  hard,  and  in  sections  stained  with  Flenmiing's  triple  stain 
appear  only  as  tightly  interwoven  masses  of  mycelium  and  seem  to 
have  little  to  do  with  the  formation  of  fruiting  bodies.  Their  true 
significance  and  why  they  appear  in  this  medium  only  have  not  been 
determined. 

GROWTH   IN  DIFFERENT  MEDIA. 

A  considerable  number  of  different  kinds  of  culture  media  was  used. 
This  was  partly  to  learn  the  extent  to  which  the  fungus  would  modify 
itself  under  changed  conditions  of  nutrition,  but  largely  in  the  hope 
of  discovering  a  successful  method  of  inducing  the  formation  of  peri- 
thecia.  It  is  a  well-founded  belief  that  many  of  the  imperfect  fungi 
could  be  made  to  bear  perithecia  if  the  right  conditions  were  given 
them,  and  it  is  more  than  probable  that  in  some  cases  at  least  the 
procuring  of  the  proper  kind  of  food  may  be  the  solution  of  the 
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problem.  In  the  case  under  consideration,  however,  the  attempt  was 
entirely  unsuccessful,  not  a  single  perithecium  being  found  in  any  of 
the  cultures.  Whether  this  was  because  the  right  medium  was  not 
found  or  because  in  this  case  the  necessary  condition  was  some  other 
than  that  of  food  supply,  or  whether  the  peritheciai  -stage  has  been 
entirely  lost  from  the  life  history  of  the  fungus  through  man}'^  genei^a- 
tions  of  asexual  reproduction,  can  not  be  said  with  certainty  at  this 
time. 

Many  very  interesting  differences  in  the  growth  were,  however, 
found  in  the  various  kinds  of  media  used.  At  least  four  tubes  of  each 
kind  of  medium  were  inoculated,  of  which  two  were  kept  in  a  dark 
closet  and  two  were  suspended  in  a  rack  close  to  a  north  window,  where 
they  were  exposed  to  strong  daylight  but  not  to  direct  sunshine. 
Careful  notes  were  made  on  all  these  cultures  at  frequent  intervals  for 
several  weeks.  In  all  cases  the  growth  was  apparent  to  the  naked  03- e 
in  24  to  36  hours.  The  growth  in  darkness  was  in  no  case  materially 
different  from  that  in  light  except  as  to  color.     (See  p.  48.) 

Pieces  of  sacks. — Many  fragments  of  old  sacks  in  which  the  potatoes 
had  been  stored  were  rolled  into  cylinders,  thrust  into  test  tubes,  wet 
with  distilled  water  or  peptone  water,  sterilized,  and  inoculated. 
GrTowth  was  not  very  abundant  and  no  perithecia  developed. 

Potato  agar  (J73). — Growth  about  4  mm.  high,  and  rather  sparse. 
In  darkness,  pure  white;  in  light,  very  faint  salmon — nearly  white. 
Agar  not  changed  in  color;  surface  smooth. 

Potato  agar  ^peptonized  {774)* — Growth  a  very  little  more  abundant 
than  in  773;  in  light  the  salmon  tint  is  very  slightly  more  pronounced. 
Not  different  otherwise. 

Beef  agar  {786). — Growth  rather  poor,  not  more  than  2  or  3  mm. 
high  and  only  moderately  dense.  Pure  white  both  in  darkness  and  in 
light.  The  agar  is  somewhat  browned  by  the  fungus,  and  the  surface 
is  wrinkled  and  uneven. 

Sugar-heet  agar  (789). — Growth  about  5  mm.  high  and  very  dense. 
Pure  white  in  darkness,  changing  to  creamy  white  with  age;  pale 
salmon  in  light.  Agar  not  discolored  but  much  wrinkled  on  the 
surface. 

Beef  gelathi.  {793). — Growth  -about  6  mm.  high  and  very  dense. 
White  in  darkness,  changing  to  creamy;  in  light,  rich  salmon.  Does 
not  liquefy  the  gelatin. 

Litmus  lactose  agar  {821). — Growth  about  2  to  3  mm.  high,  moderately 
dense.  Gra5'ish  white  in  darkness;  pale  salmon  in  light.  The  fungus 
slowly  turns  the  litmus  blue,  especially  at  the  top  of  the  slant,  showing 
it  to  be  an  alkali  producer  in  this  medium.  The  change  in  color  begins 
to  be  noticeable  in  about  10  days  and  goes  on  as  long  as  the  fungus 
remains  active.  It  also  reduces  the  litmus  somewhat.  Surface  of 
medium  much  wrinkled. 
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Boiled  potato  (792). — Growth  about  4  mm.  high  and  very  dense, 
darkness,  pure  white,  changing  to  creamy  white;  iu  light,  rich 
color.    Conti*ast  very  striking.     There  are  irregular  masses  of 
sclerotia  formed  on  the  surface  of  the  potato.     The  potato  itself 
gradually  turned  light  brown.     In  old  cultures  it  is  much  softei 
also. 

Haic  potato. — Growth  about  4  mm.  high  and  very  dense.  In  dark 
ness,  pure  white;  in  light,  very  pale  salmon  color.  None  of  the  gred 
sclerotia  are  produced  on  the  surface.  The  fungus  acts  on  the  staiel 
grains  without  forming  notches  or  marks  of  corrosion. 

Boiled  rice  {796). — Growth  about  4  mm.  high,  moderately  dei^c 
In  darkness  the  mycelium  is  mixed  pink  and  lilac,  shading  into  white— 
the  latter  color  being  mostly  at  the  extreme  top  of  the  mycelium,  hui 
it  is  to  be  found  in  places  all  through  the  culture;  in  light,  a  deep  rid 
salmon  color,  shading  into  salmon  pink  mixed  with  lilac. 

Boiled  beans  {829). — Growth  about  4  nun.  high  and  rather  dense. 
In  darkness,  pure  white,  changing  to  gray  and  finally  to  grayish  brown; 
in  light,  the  same. 

Boiled  com  {828). — Growth  about  4  mm.  high  and  very  dense.  In 
darkness,  creamy  white  with  a  few  streaks  of  purple  and  sometimes  a 
little  pink;  in  light,  the  same  but  with  a  little  more  purple. 

BolUd  wheat  {827). — Growth  about  4  mm.  high  and  very  dense.  In 
darkness,  creamy  white  streaked  with  lilac  and  pink;  in  light,  the 
same. 

Boiled  tapioca  {826). — Growth  extremely  short,  scarcely  rising  above 
the  surface  of  the  medium,  but  very  dense.  The  fungus  spreads  very 
slowly  and  does  not  entirely  cover  the  surface  of  the  slant  for  nearly 
two  weeks.  In  darkness,  mycelium  at  first  pink,  then  lilac,  with  white 
in  the  upper  part  of  the  slant;  the  lilac  finally  turns  to  dark  violet 
In  light,  the  same,  except  that  in  the  upper  part  of  the  slant  the  myce- 
lium is  very  pale  salmon. 

Boiled  siceet potato  {823). — Growth  poor,  about  3  or  4  mm.  high  bat 
rather  spai*se.  The  mycelium  shows  a  strong  tendency  to  grow  into 
little  bundles  or  ropes.  In  darkness,  pure  white,  changing  to  yellow- 
ish white;  in  light,  rich  salmon. 

Boiled  hanaria  {824). — Growth  about  4  mm.  high,  moderately  dense, 
and,  like  that  in  823,  inclined  to  collect  in  little  ropy  bundles.  In 
darkness,  pure  white,  changing  to  creamy^  white;  in  light,  rich  salmon. 

Boiled jyrunes  (830). — Growth  poor,  about  3  mm.  high,  and  rather 
sparse.  Slightly  ropy.  In  darkness,  white  at  first,  changing  to  a 
light  cinnamon-brown;  in  the  light,  the  same. 

Silicate  jelly  {833). — Growth  about  3  mm.  high  and  rather  dense. 
In  darkness,  at  first  pink,  which  becomes  a  rose  color  with  a  trace  of 
lilac,  but  the  new  mycelium  is  white;  in  light,  the  same,  except  that 
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le  new  mycelium  is  a  rich  salmon.  In  both  light  and  darkness  the 
lly  is  turned  to  a  pale  yellowish  color. 
In  all  the  agars,  in  the  gelatin,  and  in  the  silicate  jelly  the  mycelium 
iems  unable  to  penetrate  the  substratum  more  than  2  or  3  mm.  In 
ae  other  media  the  fungus  seemed  to  vary  considerably.  In  the 
oiled  potato  the  mycelium  sometimes  grew  from  the  inoculated  slant 
irectly  through  the  cylinder  to  the  opposite  side.  In  the  corn,  wheat, 
tectns,  and  rice  the  mycelium  filled  the  chinks  between  the  grains,  but 
[id  not  show  in  the  lower  part  of  the  tubes,  where  the  medium  formed 
,  solid  mass.  When  there  was  some  liquid  in  the  bottom  of  the  tube, 
kS  in  the  potato,  banana,  and  sugar-beet  cylinders,  for  example,  the 
izngus  kept  above  the  surface  of  this  liquid. 

Microconidia,  macroconidia,  and  chlamydospores  were  found  in  cul- 
;ures  on  all  these  media,  but  their  relative  abundance  varied  greatly. 
[n  most  of  the  media  all  were  present  in  considerable  numbers,  but  in 
x>iled  tapioca  and  beans  only  occasional  chlamydospores  were  found, 
ind  in  boiled  prunes  only  occasional  macroconidia.  Here  also  micro- 
conidia were  fewest. 

A  comparison  of  the  cultures  in  these  various  media  is  shown  in 
Table  VIL 
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In  tubes  of  liquid  media  the  growth  varied  greatly. 

In  beef  bouillon  (898)  the  fungus  formed  after  5  days  a  rather 
dense  white  layer  on  the  surface,  with  much  mycelium  down  in  the 
liquid.     All  three  kinds  of  spores  numerous. 

In  Raulin\s  fluid  (822)  the  growth  in  5  days  was  about  the  same  as 
above,  except  that  all  above  the  surface  was  a  rosy  pink.  Spores 
rather  less  numerous,  especially  macroconidia  and  chlamydospores. 

In  Uschinsky's  fluid  (841)  the  growth  on  the  surface  was  a  little 
less  than  in  the  preceding,  and  pure  white.  Mac^roconidia  especially 
abundant,  but  microconidia  and  chlamydospores  present  also. 

In  a  solution  (891)  containing  2  per  cent  of  Witte's  peptone,  1  per 
cent  dextrose,  1  per  cent  maltose,  and  1  per  cent  mannite,  the  growth 
on  the  surface  of  the  liquid  after  5  days  was  rather  abundant  and  pure 
white.     All  three  kinds  of  spores  present. 

In  water  with  Witte's  peptone  2  per  cent,  glycerin  1  per  cent  (892), 
the  growth  on  the  surface  at  the  end  of  5  days  was  rather  poor  and 
thin,  pure  white,  and  producing  all  three  kinds  of  spores. 

In  all  these  liquid  media  the  growth  was  densest  on  the  surface,  but 
there  was  a  loose  growth  of  mycelium  running  to  the  bottoms  of  the 
tubes.  These  same  liquids  were  used  also  in  fermentation  tubes,  to 
be  described  further  on. 

To  determine  whether  or  not  any  of  the  chemicals  used  as  ferti- 
lizers in  the  field  are  markedly  injurious  or  beneficial  to  the  fungus  it 
was  grown  on  boiled  fiotato,  to  which  these  substances  had  been 
added.  Cylinders  of  potato  weighing  exactly  4  grams  were  put  in 
tubes  of  such  a  size  that  when  1  cubic  centimeter  of  liquid  was  added 
about  one-fourth  inch  protruded  above  the  surface.  To  three  of  these 
was  added  1  c.  c.  each  of  10  per  cent  KCl;  to  three,  1  c.  c.  each  of  10  per 
cent  KjSO/,  to  three,  1  c.  c.  each  of  10  per  cent  NaNO,,  making  the 
chemical  added  2  per  cent  of  the  final  product  in  each  case.  To  each 
of  three  others  was  added  1  e.  c.  of  a  saturated  solution  of  freshly  pre- 
pared Ca(OH)2,  and  to  three  others  1  c.  c.  each  of  distilled  water. 
These  tubes  were  all  heated  on  three  successive  days  at  100^  for  10 
minutes.  They  were  then  inoculated  with  the  Fmarlurn  and  kept  in 
a  dark  room. 

On  the  secona  da}"  after  inoculation  there  was  a  little  growth  in  all 
the  tubes,  but  this  was  slighth-  more  abundant  in  the  checks,  the  oth- 
ers being  about  alike.  On  the  third  day  the  growth  in  the  tubes  con- 
taining KCl,  KjSO^,  and  Ca(OH),  was  almost  as  abundant  as  that  in 
the  check  tubes,  and  in  the  tubes  containing  NaNO^  it  was  slightly 
less.  On  the  fourth  day  the  growth  was  so  abundant  in  all  the  tubes 
that  practically  no  difference  could  be  seen.  It  was  pure  white  and 
covered  the  entire  exposed  surface  of  the  potato. 

From  this  experiment  it  is  apparent  that  the  fungus  can  accommo- 
date itself  perfectly  to  these  chemicals  in  quantities  vastly  excecdmg 
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that  which  is  ever  stored  up  in  a  living  potato  tuber.  It  follows, 
then,  as  a  natural  conclusion  that  if  these  substances  have  any  effect 
on  the  resistance  of  the  plant  to  this  disease  it  is  by  some  modification 
in  the  host  plant,  and  not  because  of  the  presence  of  the  substance* 
&s  such. 

Boneblack  was  not  used  in  this  experiment  because  the  principal 
ingredient  that  would  affect  the  fungus  is  phosphoric  acid,  and  that 
was  tested  along  with  other  acids  (Table  IX)  and  found  to  be  quite 
harmless  to  the  fungus  in  not  too  large  quantities;  and  the  above  con- 
clusions would  therefore  appl}^  to  boneblack  also. 

GROWTH   IN   AL.KAUS. 

To  determine  the  behavior  of  the  fungus  on  alkaline  media  three 
alkalis  were  used — potassium  carbonate,  sodium  carbonate,  and  sodium 
h^^droxide.  These  were  mixed  in  diflferent  proportions  with  rice  and 
water.     The  results  are  shown  in  Table  VIII. 
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The  difference  in  growth  in  the  different  strengths  of  alkali  was 
most  noticeable  at  the  end  of  2  days.  At  that  time  there  was  an  even 
gradation  in  the  amount  of  mycelimn,  lessening  as  the  sti'ength  of 
the  alkalis  increased  until  at  the  maximum  strength  the  growth  was 
scarcely  perceptible.  This  was  true  of  all  three  alkalis.  At  that 
time  the  growth  was  rather  best  in  potassium  carbonate,  a  little  less 
in  sodium  carbonate  of  the  same  strength,  and  still  less  in  sodium 
hydroxide.  It  will  be  noted,  however,  that  at  the  time  Table  VIII 
was  made — i.  e.,  when  the  cultures  had  been  growing  for  17  days — the 
amount  of  growth  in  the  different  tubes  had  been  equalized  considerably. 

One  of  the  most  noticeable  effects  of  the  increasing  strength  of 
alkali  was  the  decrease  in  the  amount  of  pigment  formed,  especially 
the  pink.  At  the  end  of  2  days  there  was  in  all  the  weak  alkalis  (—5) 
a  very  conspicuous  purplish  color,  in  those  somewhat  stronger  (—10) 
this  was  a  little  less  noticeable,  but  those  of  higher  alkalinity  were 
pure  white.  Later  the  purplish  color  changed  to  lilac,  and  in  the  car- 
bonates (—5)  there  was  a  little  pink. 

All  three  kinds  of  spores  were  formed  in  all  the  alkali  tubes,  but  in 
the  higher  strength  the  macrospores  were  very  scarce. 

GROWTH  IN  ACIDS. 

To  determine  their  effect  on  the  growth  of  the  fungus,  a  considerable 
number  of  acids  were  used,  both  inorganic  and  organic.  Of  the  inor- 
ganic acids,  phosphoric,  hydrochloric,  and  nitric  were  tried.  The 
organic  acids  used  were  selected  partly  with  an  idea  of  testing  those 
most  commonly  found  in  the  vegetable  and  animal  products  with  whicii 
the  fungus  might  come  in  contact  in  nature,  but  more  especially  with 
regard  to  their  classification.  Of  the  acetic  series,  formic,  acetic,  and 
butyric  were  taken — all  monobasic;  of  the  oxalic  series,  only  oxalic, 
the  simplest  dibasic  organic  acid;  of  the  hydroxy  acids,  malic  and 
tartaric  (dibasic),  and  citric  (tribasic).  As  a  preliminary  experi- 
ment (series  1  in  Table  IX),  these  acids  were  mixed  with  boiled  potato 
in  such  proportion  as  to  make  the  product  approximately  +25.  The 
experiment  was  carried  on  farther  (series  2  in  Table  IX)  by  mixing 
the  acids  with  rice  and  water  in  very  definite  proportions,  so  that  the 
products  would  be  of  exact  acidities.  The  results  are  shown  in 
Table  IX. 
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From  the  above  table  it  will  be  seen  that  for  the  different  acids, 
both  organic  and  inorganic,  there  is  a  very  remarkable  difference  in 
the  degree  of  acidity  that  this  fungus  can  endure.  Butyric,  formic, 
and  acetic  acids,  the  representatives  of  the  acetic  series,  seemed  to  be 
decidedly  the  most  injurious;  malic,  tartaric,  and  citric,  the  representa- 
tives of  the  hydroxy  acid  group,  are  much  the  least  so.  This  difference 
is  really  very  great,  as  Is  shown  by  the  fact  that  the  fungus  will  grow 
in  citric  acid,  for  example,  at  least  25  times  as  strong  as  butyric. 

The  general  effect  of  all  the  acids  is  to  increase  the  production  of 
the  pigments,  both  lilac  and  pink — particularly  the  latter.  This  is 
somewhat  noticeable  in  the  rice  tubes  (series  2),  but  much  more  so  in 
the  potato  tubes  (series  1),  where  if  no  acid  be  added  the  growth 
(in  darkness)  is  almost  always  pure  white. 

All  three  kinds  of  spores  are  borne  in  varying  proportions  in  all  the 
acid  cultures  in  which  only  one  acid  is  used,  except  phosphoric  +150, 
hydrochloric  +50,  and  sulphuric  +50.  In  these  no  macroconidia  or 
microconidia  could  be  found,  but  there  was  a  large  number  of  clilamy- 
dospores.  These  were  not  of  the  normal  form  shown  in  Plate  Vlll, 
figure' 29,  but  were  of  vaiying  sizes  and  shapes — often  much  deformed. 
This  is  a  further  indication  that  the  purpose  of  these  spores  is  to  carry 
the  fungus  through  adverse  conditions. 

Table  X  shows  the  results  of  mixing  the  acids  in  the  culture  media 
in  various  ways. 
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This  table  would  indicate  that  in  the  case  of  two  acids  for  which  the 
maximiim  strength  that  will  allow  growth  is  the  same,  mixing  in  equal 
proportions  forms  a  product  that  is  injurious  in  the  same  d^ree  as 
either  one  alone.  It  also  goes  to  show  that  when  the  maximum  acidity 
at  which  growth  can  take  place  in  any  one  acid  is  reached,  the  adding 
of  another  acid  in  a  quanity  representing  half  its  own  maximum  for 
growth,  or,  in  the  case  of  butyric  acid,  the  adding  of  tartaric  in  com- 
paratively small  quantities  stops  growth  entirely.  The  adding  of  a 
comparatirely  small  amount  of  the  slightly  injurious  tartaric  to  the 
maximum  of  hydrochloric  (+50)  did  not  prove  much  more  strongly 
inhibitory  than  hydrochloric  of  the  same  strength  alone. 

GBOWTH  ly  THE  ABSENCE  OF  FREE  OXYGEN. 

So  far  as  could  be  determined  the  fungus  is  a  strict  aerobe.  To 
test  this,  inoculations  were  made  in  fermentation  tubes  filled  with 
the  following  media:  Beef  bouillon  (858);  Uschinsky's  fluid  (891); 
Saulin's  fluid  (822);  water  with  peptone  2  per  cent  +  dextrose  1  per 
cent  +  maltose  1  per  cent  +  mannite  1  per  cent  (891),  and  water  with 
peptone  1  per  cent  +  glycerin  1  per  cent  (892).  Two  fermentation 
tubes  of  each  medium  were  inoculated.  This  was  done  by  trans- 
ferring a  little  mycelium  bearing  many  spores  past  the  curve  a^the 
bottom  of  the  tube,  from  which  point  it  rose  in  every  case  fe'the 
extreme  top  of  the  clased  end.  At  the  end  of  a  week  there  was  a 
fairly  good  growth  in  the  open  ends  of  all  the  tubes,  corresponding 
very  well  to  that  in  the  same  fluids  in  test  tubes.  This  growth  did 
not  in  any  case,  however,  extend  into  the  closed  ends  more  than  2  cm. 
past  the  stem,  which  showed  definitely  that  this  fungus  can  not  take  its 
oxygen  from  the  compounds  contained  in  any  of  these  liquids. 

REACTION  TO  SUNLIGHT. 

In  many  kinds  of  culture  media  the  mycelium  is  white,  in  part  at 
least,  when  grown  in  a  dark  closet.  On  some  of  these  same  media 
the  mycelium  becomes  a  beautiful  rich  salmon  color  when  grown  in 
sunlight.  In  just  which  media  this  reaction  takes  place,  and  to  what 
extent,  is  shown  in  Tables  VII  to  IX.  It  will  be  seen  that  the  depth 
of  the  color  varies  much  in  different  media.  The  most  unexpected 
difference  was  found  between  boiled  and  raw  potato.  In  the  former 
the  color  is  nearly  as  deep  as  in  any  medium  used,  while  in  the  latter 
it  is  very  pale  even  after  a  week's  exposure  to  north  light  The  time 
at  which  the  color  appears  varies,  of  course,  with  the  strength  of  the 
light.  On  boiled  potato  in  north  light  close  to  a  window  it  begins  to 
be  noticeable  in  a  young  culture  on  the  second  day  of  exposure  if  the 
weather  is  clear,  and  reaches  its  maximum  on  about  the  fifth  day,  after 
which  it  slowly  fades  as  the  mycelium  dies  from  old  age.     In  direct 
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sunlight  one  day's  exposure  is  enough  to  bring  the  color  in  a  sufficient 
CLinount  to  be  visible.  In  cultures  exposed  to  the  light  for  a  few  days 
and  then  placed  again  in  darkness  the  new  growth  is  white,  showing 
that  the  action  ceases  practically  as  soon  as  the  light  is  withdrawn. 

The  rays  of  light  that  cause  the  salmon  color  to  appear  are  all  at 
the  v^iolet  end  of  the  spectrum.     To  test  this,  eight  tubes  of  boiled 
potato  were  inoculated  with  the  Fusariioa^  and  two  of  these  were  sus- 
pended in  a  saturated  solution  of  potassium  dichromate,  two  in  a 
1   per  cent  solution  of  copper  sulphate  made  strongly  alkaline  with 
ammonia  and  filtered  to  remove  the  copper  oxide,  two  in  distilled 
i?vater,  and  two  were  kept  in  the  dark.     The  solutions  were  in  16-ounce 
wide-mouthed  cylindrical  bottles,  the  tubes  inserted  through  perfo- 
rated stoppers.     The  tops  were  wrapped  well  with  black  paper  and 
the  bottles  set  where  they  woiild  get  the  direct  sunshine  in  the  after- 
noon.    In  the  water  the  color  began  to  appear  in  less  than  forty-eight 
hours  and  continued  to  get  deeper  for  several  days.     The  tubes  sus- 
pended in  copper  sulphate  and  potassium  dichromate  solutions  were 
first  examined  on  the  fifth  day,  and  in  the  former  there  was  a  fairly 
deep  salmon  color,  while  in  the  latter  the  mycelium  was  pure  white 
and  continued  so  as  long  as  the  experiment  was  carried  on,  which  was 
nearly  six  weeks. 

This  light  reaction  may  perhaps  be  valuable  as  distinguishing  this 
Fusarium  from  others,  as  some  have  been  tried  in  which  the  color  did 
not  appear.  It  is  not  strictly  confined  to  this  species,  however,  for  it 
was  found  to  be  very  marked  in  a  Fusariwm  obtained  from  the  inte- 
rior of  a  cowpea  vine,  and  which  is  probably  the  Neocosinospora 
described  by  Smith. « 

RANGE  OF  TEMPERATURE   FOR  GROWTH. 

The  fungus  grows  very  well  on  boiled  potato  at  temperatures  from 
about  16^  to  a  little  above  30°  C.  Below  15°  the  growth  is  slower  and 
slower  as  the  temperature  is  reduced,  until  at  5°  C.  the  increase  in  the 
cultures  from  day  to  day  is  hardly  perceptible.  At  37i°  C.  no  growth 
takes  place  in  cultures  that  have  been  started  at  room  temperature, 
and  at  the  end  of  a  few  weeks'  incubation  at  this  temperature  the 
cultures  were  entirely  killed.  This  may  perhaps  be  one  reason  why 
the  fungus  did  not  pervade  the  stems  above  ground.  In  the  roots 
the  temperature  is  kept  somewhat  reduced  by  the  earth,  but  in  the 
stems  growing  in  the  sun  it  presumably  often  rises  above  37^°  C.  in 
Washington  summer  weather. 

« Bulletin  No.  17,  Division  of  Vegetable  Physiology  and  Pathology,  U.  S.  Departs 
ment  of  Agriculture. 
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NAME  OF  THE  FUNGUS. 

Man}'  specific  names  have  been  given  to  Fnsarui  ^owin^  on  the 
potato,  and  while  some  of  these  name:*  ma}'  stand  for  distinct  forniN 
this  is  not  at  all  certain.  Most  of  these  names  undoubtedly  are  syno- 
n^^ms,  and  for  the  purpose  of  this  paper  all  are  regarded  as  suck 
The  earliest  available  name,  therefore,  has  been  used  for  the  parasite 
under  consideration,  viz,  FumyHuni  oxysjxmim  SchlechtendaU  lS-4. 
The  following  are  some  of  the  names  that  have  been  applied  to 
Fimirluin  growing  on  the  potato,  the  specific  differences,  as  will  be 
observed,  being  only  such  as  are  now  known  to  occur  in  pure  cultures 
of  the  same  fungus  when  grown  under  varying  conditions,  viz,  slight 
differences  in  compactness  of  mycelial  growth,  variations  in  size  and 
shape  of  spores,  number  of  septa,  odor,  and  color.  The  appended 
descriptions,  when  not  otherwise  stated,  are  translations  from  Saccar- 
do's  Sylloge  Fungorum. 

1824.  FStsariiim  oxiftqwruvi  Schlechtendal. 

SporodcK^hium  convex,  subvermcose,  rosy,  finally  breaking  forth,  niguhi^'  and 
confluent;  conidia  small,  curved,  and  very  acute  at  both  ends.  On  half-rotten 
tubers  of  potato.  Schlechtendal  himself  says:  **F.  stroma  convexum  erumpens 
varium  roseum  superficie  inaequali  niguloaa,  sporidiis  parvia  curvatia  ulrinqne 
acutiasimis." 
1842.  Fitsarmm  ( FusiRporium)  solani  (Martius?)  Saccardo. 

(Rporodochium)  globose,  irregular,  tomentose,  whitiph;  hyphse  branching: 
conidia  fusiform- falcate,  3-5  septate,  40-60  X  7-8;/,  subhyaline. 

Fiimrium  ( Fusisporium)  solani-tuberomi  Martins.  Berkeley  says  Uiia  is  Prrioia 
tomentoi<a  Fries. 

Fiimrium  {Fualgporium)  9olani'tuber<Msa  Desm.  is  transferred  by  Saccardo  to 
Piomwtfs  as  P.  solaiii-tuherosa, 
1846.   Fuftarium  didyinum  Harting. 

Same  as  Fusarium  solaniy  according  to  De  Bary. 
1851.   FttHorium  ( Fim8f>orium)  roseolum  (B.  and  Br.)  Saccardo. 

Sporodochium  rosy  red,  delicate,  floccose;  hyphfe  short,  conidia  curve«i, 
elongate,  somewhat  obtuse,  3-6  septate,  subtorulose.  Berkeley  says  of  thi?:  ''Of 
a  delicate  rose  red,  forming  thin  floccose  patches;  fertile  threads  short;  f^pores 
curved,  elongated,  slightly  obtuse,  3-6  septate,  often  slightly  projecting  at  each 
dissepiment." 
1869.   Fusfirium  violaceum  Fuckel. 

Sporodochium  widely  spreading,  with  a  pleasant  odor,  violet  cspralean;  coni- 
dia fusifonu,  2-3  septate,  curved,  24-30  X  5-6//.  According  to  Saix-ardo,  Fuckel's 
species  is  the  same  as  Selenoftjxrrium  cwrulettm  Lib.  in  Herb.  c.  icone,  and  he 
substitutes  the  name  F.  cxndeum  (Lib.)  Saccanlo. 

1878.  Fumrinm  diplosporum  C.  and  E. 

Rosy,  pulvinate;  some  conidia  fusiform,  acute  at  both  ends,  arcuate,  nucleate, 
finally  becoming  3-septate,  40//  long;  others  elliptical,  uniaeptate,  18  X  8/i. 

1886.  Fnsarium  commntatum  Saccardo. 

Sporodochium  widely  spreading,  white,  mealy-floccose;  gporophorea  c't>ntin* 
uous,  branching;  branches  ascending,  subalternate;  conidia  at  fir^  globose^ 
then  fusoid,  3-8eptate,  slightly  curved.  This  is  the  fungus  d«?cribed  and  figaivtl 
by  Bonorden  in  1851  as  F.  candidum  Ehrenb.,  but  Saccardo  says  hanlly  F.  randl- 
dum  of  Ehrenbei^,  and  rejects  the  name  apparently  because  of  F.  candidum  Link. 
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1888  (?).  Fusarium  pestis  ^rsLuer. 

Sorauer  may  have  described  this  fungus  in  some  pu!)lication  not  seen  by  the 
writers,  but  there  is  no  description  of  it  in  his  Atlas  other  than  what  might  apply 
to  any  of  the  foregoing.  The  brown  spots  on  the  stem  are  surrounded  by  a 
loose  white  narrow  zone  of  hyphas  growing  out  of  the  stomata;  later  the  black 
place  is  covered  by  a  chalky  white  effloresence  (the  fungous  tufte). 

1891.  Fumriutn  scruginotum  Delacroix. 

Sporodochiimi  large,  hemispherical,  varying  from  bluish  to  greenish  ( *  *  e  cyaneo 
seruginosis ") ,  sporophores  branching,  sparingly  septate,  hyaline,  with  rather 
short  branches;  conidia  falcate,  3-5  septate,  not  constricted,  granular,  hyaline  or 
slightly  greenish,  20-25  X  4-5/i. 

1895.  FuMLrium  acumiruitum  Ell.  and  Ev. 

The  authors  describe  this  fungus  as  follows:  "Sporodochia  gregarious,  minute, 
white  at  first,  then  flesh-colored;  conidia  falcate,  attenuate-acuminate  at  each 
end,  3-5,  exceptionally  6-septate,  not  constricted,  arising  from  slightly  elongated 
cells  of  the  proligerous  layer,  in  which  respect  it  differs  from  the  usual  type  of 
Fusarium.  Quite  distinct  from  F.  diplosporum  C.  and  E.,  which  also  occurs  on 
the  same  host." 

1896.  Fusarium  affine  Fautr.  and  Lamb. 

Sporodochia  amorphous,  dirty  white,  superficial  or  internal;  conidia  hyaline, 
cylindrical,  attenuate,  straight,  at  first  simple  then  uniseptate,  biguttulate,  10-15 
X  ^M  (inside  of  the  stem).     Authors  describe  external  spores  as  18-20  X  2//. 

If  the  potato  disease  here  described  is  identical  with  the  sleepy 
disease  of  tomatoes,  as  seems  probable,  then  Fiisariwn  lycopersici 
Sacc.  may  be  added  to  the  above. 

Judged  by  the  above  descriptions,  we  have  had  a  half  dozen  or  more 
species  of  Fvsariwnm  our  culture  tubes,  some  of  them  "new  species," 
and  yet  all  were  the  product  of  a  single  spore.  This  does  not  mean 
that  there  have  been  in  our  cultures  any  very  wonderful  transmuta- 
tions of  one  thing  into  another,  but  only  that  organisms  respond  to 
their  environment,  and  that  "species  descriptions"  of  the  kind  cited 
have  not  taken  this  fact  into  consideration,  and  consequently  are  worth- 
less for  scientific  purposes.  This  is  not  a  new  idea,  but  it  is  a  fact  to 
which  the  attention  of  systematic  mycologists  might  be  directed  profit- 
ably at  frequent  intervals. 

GEOGBAPHICAIi  DISTBIBUTION  OF  THE  DISEASE. 

There  is  good  reason  for  believing  that  this  disease  is  very  widely 
distributed  over  the  United  States.  "Dry  rot"  has  been  known  to 
be  one  of  the  most  serious  potato  troubles  for  many  years,  and  though 
it  has  not  been  so  elearlv  described  in  most  cases  as  to  establish  its 
identity  with  the  disease  under  consideration,  yet  it  is  extremely  prob- 
able that,  in  many  cases  at  least,  it  is  due  to  the  same  fungus. 

It  has  been  definitely  identified  from  sevenil  different  and  widely 
separated  States.  As  already  stated,  it  was  received  in  large  quanti- 
ties from  Hubbardston,  Mich.,  in  1899.  In  April,  1903,  it  was  sent 
in  from  Alleghany  Station,  Va.,  where  it  had  done  very  great  damage 
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to  stored  potatoes  during  the  winter,  so  that  the  grower  had  \yeen 
obliged  to  feed  them  to  his  hogs.  About  a  half  bushel  of  these  pota- 
toes was  sent  to  the  Department  of  Agriculture,  and  when  cut  open 
a  large  proportion  showed  the  disease.  Its  identity  was  further  estab- 
lished by  microscopical  examination  and  by  making  cultures  of  the 
fungus  from  the  discolored  part  of  the  tubers.  One  diseased  tuber 
was  received  from  Manhattan,  Kans.,  where  there  had  been  much  loess 
in  stored  potatoes.  This  tuber  was  browned  in  the  vascular  ring 
throughout  its  entire  extent.  A  few  diseased  vine^s  and  tubers  were 
received  in  the  summer  of  1903  from  Nebi-aska,  where  considerable 
injury  was  reported.  Our  own  crop,  raised  on  the  Potomac  Flats, 
established  the  presence  of  the  disease  in  the  District  of  Columbia. 
The  disease  reported  by  Stewart  from  several  parts  of  New  York  State, 
and  mentioned  at  the  beginning  of  this  paper,  appears  to  be  the  same. 
It  has  also  been  sent  to  the  Florida  station  of  this  Department  from 
several  of  the  Southern  States.  In  the  fall  of  1903  it  was  observed  in 
the  vicinity  of  Madison,  Wis. 

It  seems,  then,  safe  to  say  that  this  disease  extends  north  to  Canada, 
east  to  the  Atlantic,  south  to  the  Gulf  of  Mexico,  and  west  to  Colo- 
rado. How  much  wider  its  distribution  is  in  this  countrv  can  not  be 
stated  at  the  present  time,  but  it  is  almost  undoubtedly  beyond  the 
limits  from  which  it  has  teen  so  far  reported. 

If  the  disease  in  England,  Germany,  France,  and  Belgium  be  the 
same,  it  is  certainly  also  widely  prevalent  in  Europe. 

RTCMEDTATi  MEAST7BES. 

As  the  fungus  enters  the  plant  below  the  surface  of  the  ground  and 
may  gain  access  at  any  time  during  the  season,  it  is  very  difficult  to 
combat.  Spraying  with  Bordeaux  mixture  and  other  fungicides  has 
not  been  tried,  but  as  these  can  be  applied  readily  only  to  the  tops 
there  is  little  reason  to  expect  beneficial  results. 

Adding  chemicals  to  the  soil  as  fertilizers  might  be  expected  to  help 
ward  off  the  disease,  but  so  far  as  experiments  of  this  kind  have  been 
carried  out  by  the  writers  they  have  given  piuctically  negative  results. 

The  selection  of  i*esistant  plants  of  different  varieties  will  be  likely 
to  prove  of  the  most  value.  Our  varieties  all  suffered  severely  with 
the  disease,  but  some  plants  escaped,  while  others  contracted  tlie  dis- 
ease early  in  the  growing  season.  In  1903,  in  our  plots,  above-ground 
symptoms  were  visible  on  a  few  plants  as  early  as  July  15,  and  man}^ 
diseased  plants  were  to  be  seen  on  Jul}^  22.  A  month  later  the  disease 
was  very  conspicuous  on  the  foliage  in  all  parts  of  the  field,  but  there 
were  still  many  plants  which  showed  no  symptoms.  Experiments 
with  other  varieties  would  be  likely  to  establish  the  same  partial 
immunity,  and  from  the  most  resistant  of  these  plants  it  is  probable 
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that   hardy  strains  could  be  originated.    According  to   Frank,   the 
German  disease  also  attacks  some  varieties  more  readily  than  others. 

Planting  on  soil  free  from  the  disease,  with  sound  tubers  obtained 
from  localities  where  the  disease  does  not  occur,  is  certainly  to  be 
recommended.  The  stem  end  of  every  tuber  should  be  cut  off  and 
inspected  before  deciding  to  plant  it.  It  is  much  easier  to  keep  this 
fungus  out  of  a  soil  than  to  overcome  it  when  it  is  well  established. 
It  should  be  regarded  in  the  same  light  as  a  very  noxious  weed,  and 
every  eflfort  must  be  made  to  keep  the  potato  fields  free  from  it.  A 
word  to  the  wise  is  sufficient. 

If  tubers  affected  with  this  disease  are  used  for  seed,  the  resulting 
crop  and  successive  crops  will  be  attacked,  as  the  fungus  is  thereby 
placed  in  the  best  possible  position  to  infect  the  young  roots,  even  if 
it  does  not  grow  into  the  new  plants  directly  through  the  sprouts, 
which  it  is  extremely  likely  to  do. 

It  is  of  equal  importance  to  avoid  planting  potatoes  for  several  years 
on  land  where  the  disease  has  appeared,  as  the  fungus  keeps  alive  in 
the  soil  for  some  time — how  long  has  not  been  determined.^  Such 
infected  land  should  be  used  for  other  crops,  preferably  cereals  or 
grasses.  Badly  diseased  tubers  should  not  be  fed  to  stock,  as  the  heat 
of  the  animal  body  for  so  short  a  time  is  not  sufficient  to  kill  the  spores, 
nor  would  the  digestive  fluids  be  likely  to  do  so,  and  they  would  therefore 
be  thrown  out  on  the  land  ready  to  attack  another  crop.  They  should 
be  burned  or  buried  on  waste  land  in  a  deep  pit,  with  the  addition  of 
some  barrels  of  caustic  lime. 

It  has  already  been  shown  that  when  the  potatoes  are  harvested  the 
extent  of  the  disease  in  those  affected  is  usually  comparatively  slight — 
often  quite  unnoticeable  to  the  casual  observer.*  It  is  while  they  are 
in  storage  that  the  greater  amount  of  the  destruction  and  consequent 
loss  takes  place.  It  becomes  of  very  great  importance,  therefore,  to 
know  how  to  handle  these  slightly  diseased  potatoes  so  as  to  prevent 
the  further  progress  of  the  fungus. 

« In  the  case  of  several  diseases  of  this  type  it  is  known  positively  that  land  once 
infected  remains  infected  for  many  years. 

*'If  a  potato  disease  that  prevailed  extensively  in  the  fall  of  1903  in  several  counties 
in  Minnesota,  which  has  been  received  more  recently  from  Maryland  and  rei)orted 
from  Michigan,  be  the  same,  then  this  statement  must  be  modified.  This  disease 
appears  to  follow  wet  weather,  and  is  characterized  by  a  hard,  black  stain  running  in 
from  various  parts  of  the  surface  of  the  tuber,  often  involving  nearly  the  whole  tuber, 
and  seldom  more  than  one  centimeter  deep.  The  infection  in  this  disease  is  not  by 
way  of  the  vascular  system,  but  seems  to  he  from  any  part  of  the  soil  in  contact  with 
the  tuber,  and  probably  by  way  of  the  lenticels.  The  disease  suggested  Phytophtkora, 
but  the  mycelium  found  in  the  tissues  on  microscopic  examination  did  not  belong  to 
this  fungus.  Two  sets  of  poured  plates  yielded  Fusariwm  ajlonies,  and  the  third  set 
only  some  scattering  bacteria.  The  losses  in  Minnesota  amounted  to  thousands  of 
dollars.     Early  digging  would  undoubtedly  have  prevented  most  of  this  loss. 
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First  in  importance  is  the  question  of  temperature.  Potatoes  that 
show  a  slight  trace  of  brown  color  in  the  flesh  at  the  basal  end  should 
never  be  stored  in  warm  rooms.  They  should  be  kept  in  a  place  as 
cool  as  it  is  possible  to  obtain  without  danger  of  freezing,  i.  e.,  at  or 
below  40°  F.  This  low  temperature  may  be  had  in  cool  cellars,  but  Ls 
best  obtained  by  our  modern  cold-storage  processes,  and  here  there  is 
little  danger  of  loss  by  continued  growth  of  the  fungus.  For  the  aver- 
age potato  grower,  however,  cold  storage  is  a  process  too  expensive 
to  be  practicable.  He  must  resort  to  storing  in  the  ground  or  in 
cellars.  Of  these,  pits  in  the  ground  or  cellars  under  barns  are  likely 
to  be  cooler  during  the  winter  tlian  cellars  under  houses,  and  on  that 
account  would  be  preferable  for  these  slightly  diseased  potatoes, 
though  there  is,  of  course,  a  vast  difference  in  the  temperature  of 
house  cellars. 

Where  it  is  not  practicable  to  store  in  a  decidedly  cool  place,  such 
potatoes  should  be  sold  in  the  fall.  Except  for  the  browned  region 
at  the  base,  the  potatoes  are  not  disqualified  for  eating,  and  this  part, 
if  not  too  extensive,  can  be  removed  in  paring.  This,  however, 
involves  a  waste,  and  the  quality  of  the  unattacked  parts  of  many  of 
these  tubers  seems  to  be  inferior.  There  is  no  danger  in  using  these 
partially  affected  tubers.  Cooking  kills  the  fungus;  but  even  if  the 
tubers  were  eaten  raw  the  fungus  could  do  no  harm  to  a  human  being, 
as  it  has  been  shown  that  it  can  not  grow  at  blood  temperature — 37i^  C. 

Moisture  is  another  factor  to  be  considered,  though  to  a  much  less 
extent  than  temperature.  The  fungus  can  grow  readily  and  even 
mpidly  in  the  tubers  in  a  very  dry  air,  but  it  has  been  shown  that  in  a 
moist  atmosphere  there  is  a  much  greater  production  of  mycelium  on 
the  surface,  and  consequently  more  spreading  of  the  rot  by  conta<'t^ 
Furthermore,  the  tubers  killed  by  the  fungus,  if  kept  dry,  shrivel  up 
and  undergo  no  further  change,  but  if  there  is  moisture  present  they 
are  invaded  by  various  soft  bacterial  rots  that  may  spread  into  the 
sound  potatoes  by  contact,  and  thus  increase  the  loss. 

To  recapitulate: 

(1)  Plant  only  sound  tubers  on  uninfected  land. 

(2)  Reject  badly  diseased  tubers  and  store  slightly  diseased  ones  in 
a  cool  dry  place,  i.  e.,  at  35*^  to  40°  F. 

(3)  If  rejection  and  stoi-age  can  not  be  carried  out  as  recommended 
above,  sell  soon  after  digging,  or  at  least  as  early  as  December. 

(4)  When  there  is  any  suspicion,  buyers  should  always  keep  the 
potatoes  in  cold  storage. 

(5)  Stake  the  soundest,  best-looking  plants  on  diseased  fields  and 
save  the  tubers  from  such  plants  for  further  experiment  in  the  hope 
of  originating  resistant  strains. 
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CULTTTBE   MEDIA  USED. 

That  the  reader  may  obtain  a  more  accurate  knowledge  of  the  com- 
position of  each  kind  of  medium  used  in  the  foregoing  experiments 
and  the  details  of  the  process  by  which  it  was  made,  to  aid  him  in 
interpreting  any  peculiarities  of  the  results  the  following  descriptions 
are  given.  Unless  otherwise  stated  in  the  text,  the  media  were  all 
used  for  tube  cultures,  and  the  tubes  of  the  agar,  the  gelatin,  the  silicate 
jelly,  and  the  l)oiled  tapioca  were  all  hardened  at  a  long  slant.  When 
the  nature  of  the  medium  was  such  that  it  could  readily  be  measured, 
10  cubic  cent!  mete i*s  was  the  amount  used  for  each  tube.  It  is  not  to 
be  understood  that  the  following  methods  of  procedure  are  recom- 
mended as  always  in  all  respects  the  best,  but  they  are  referred  to 
only  as  those  actuali}*^  used. 

Potato  agar  (773). — Very  smooth,  sound  potatoes  were  thoroughly 
scrubbed,  washed  five  times  in  distilled  w^ater,  pared,  washed  again  in 
distilled  water,  and  sliced  thin.  To  200  grams  of  sliced  potato  were 
added  600  c.  c.  of  distilled  water,  and  the  whole  was  heated  in  a 
steamer  for  li^  hours  at  75°  to  85°  C,  then  filtered  hot,  without 
pressure,  through  a  clean  towel.  Water  was  then  added  to  bring  the 
amount  up  to  500  c.  c.  To  half  of  this  (250  c.  c.)  was  added  7.5  grams 
of  Lautenschlager's  agar  flour  that  had  been  heated  with  250  c.  c.  of 
distilled  water  in  an  autoclave  at  110°  C.  for  15  minutes.  The  potato 
infusion  and  the  agar  solution  were  then  thoroughly'  mixed  and  heated 
in  an  autoclave  at  110^  C.  for  10  minutes. 

IVpftmlzid  jyotato  agar  {m). — Like  778  but  with  the  addition  of 
enough  of  Witte's  peptonum  siccum  just  before  mixing  with  the  agar 
solution  to  make  the  whole  one-half  per  cent.  The  potato  infusion 
used  was  half  of  the  500  c.  c.  prepared  for  773. 

/icefagar{lS6), — To  one  part  finely  chopped  lean  beef  (918  grams) 
were  added  two  parts  (1,83(>  c.  c.)  distilled  water.  This  was  kept  in  a 
water  bath  between  50-^  and  60°  C.  for  an  hour,  and  then  heated  at- 
100  C.  for  an  hour.  It  was  then  filtered  hot  in  a  meat  press  through 
a  clean  towel  and  cooled  and  filtered  ag.iin  through  filter  paper. 
Enough  of  Witte's  peptonum  siccum  to  make  the  final  product  1  per 
cent  was  added  and  the  whole  heated  to  100°  C.  for  an  hour  and  fil- 
tered through  paper.  Water  was  then  added  to  bring  the  total 
amount  back  to  1,83()  c.  c.  This  ))ouillon  was  then  titmted  with  phenol- 
phthalein,  and  NaOH  was  added  to  make  it  +15  on  Fuller's  scale.* 
To  1,000  c.  c.  of  this  bouillon  was  added  10  grams  of  Lautenschliiger's 
agar  flour,  and  this  was  heated  at  100^  for  half  an  hour  and  then 
cooled  down  below  60  '  (-.  The  neutralized  whites  of  two  eggs  were 
then  added  and  thoroughh'  mixed  to  clarify  the  medium.  It  was  then 
heated  to  100 '  for  one  hour,  filtered  through  pajxir,  and  autoclaved 
for  fifteen  minutes  at  110    (\ 


ff  See  footnote  on  p.  41. 
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Sugar-he^t  agar  (789). — A  large  sound  sugar  beet  was  thoroughly 
scruh))ed,  washed  in  distilled  water,  pared,  and  grated  fine.  To  UIHM) 
grams  of  beet  pulp  was  added  1,50()  c.  c.  distilled  water,  and  the  whole 
was  heated  at  100^  C.  for  half  an  hour,  then  filtered  under  pressure 
through  a  clean  towel.  Water  was  added  to  the  liquid  to  bring  the 
total  amount  up  to  2  liters.  This  was  titrated  and  found  to  be  +3  on 
Fuller's  scale.  No  alkali  was  added.  Ten  grams  of  agar  flour  were 
added,  and  it  was  then  heated  at  100^  for  three-quarters  of  an  hour, 
filtered  through  filter  paper,  and  heated  again  on  three  successive  days 
for  10  minutes  at  100^  C. 

BoHed  mu/ar  beet  {790), — From  the  same  beet  used  in  making  the 
above,  cylinders  about  H  inches  long  were  cut  with  a  large  cork  borer. 
These  were  washed  in  distilled  water  and  trimmed  to  a  loner  slant  at 
one  end.  They  were  then  put  in  test  tubes  with  a  little  distilled  water 
and  heated  on  three  successive  days  for  10  minutes  at  100^"  C. 

Bolledpotato  (792).  — Large  sound  potatoes  were  thoroughly  scrubbed, 
washed  in  distilled  water,  pared,  washed  again,  and  cut  into  cylinders 
about  li  inches  long  with  a  large  cork  borer.  These  cylinders  were 
washed  in  distilled  water,  trimmed  to  a  long  slant  at  one  end,  washed 
again,  and  put  in  test  tubes  with  a  little  distilled  water.  They  were 
heated  on  three  successive  days  in  a  steamer  for  10  minutes  at  100^  C. 

Be^f  gelatin  (798). — To  500  c.  c.  beef  bouillon  (made  precisel3'  like 
that  used  for  beef  agar  786,  including  1  per  cent  peptone)  was  sidded  50 
grams  of  Nelson's  No.  1  photographic  gelatin.  This  was  allowed  to  soak 
for  li  hours,  then  heated  in  a  steamer  for  5  minutes  at  100^  C.  It  was 
titrated  with  phenolphthalein,  and  NaOH  was  added  to  make  it  +15 
on  Fuller's  scale,  then  heated  at  100°  for  20  minutes  and  filtered. 
Heated  in  tubes  on  first  day  10  minutes,  and  on  sexjond  and  third  days 
6  minutes  each  at  100°  C. 

Boiled  rice  (796). — Clean  rice,  ^k  grams,  and  distilled  water,  10  c.  c. 
per  tube,  were  heated  in  the  autoclave  for  10  minutes  at  115^  C. 

Lit  mm  lact^MH  agar  (821). — To  500  c.  c.  of  beef  agar  made  like  786 
was  added  10  grams  of  lactose  and  just  enough  of  Merck's  purified 
litmus  to  make  it  a  bluish  color.  Heated  10  minute^s  at  100"^,  pipetted 
into  tubes,  and  heated  on  three  successive  days  at  100°  C.  The  tubes 
were  laid  so  that  the  agar  hardened  at  a  long  slant. 

B<(ulin8  fuid  {%'2'i). — To  1,500  c.  c.  distilled  water  were  added,  in 
order:  Cane  sugar,  granulated,  70  grams;  tartaric  acid,  4  grams; 
ammonium  nitrate,  4  grams;  ammonium  phosphate,  0.60  gram;  potas- 
sium carbonate,  0.00  gram;  magnesium  carbonate,  0.40  gram;  ammo- 
nium sulphate,  0.25  gram;  zinc  sulphate,  0.07  gram;  ferrous  sulphate, 
0.07  gram;  and  potassium  silicate,  0.07.  This  mixtui'e  was  heated  on 
3  successive  davs,  for  15  minutes,  at  100°  C. 

Boiled  afreet  potato  (823). — Several  small  sweet  jwtatoes  were 
scrubbed,  pared,  washed  in  distilled  water,  cut  into  cvlinders  with  a 
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lar^e  cork  borer,  trimmed  to  a  long  slant  at  one  end,  and  put  in  tubes 
with  a  little  distilled  water.     Autoclaved  for  10  minutes  at  110    C. 

lioihd  hanana  (824). — Pieces  of  barely  ripe  yellow  banana  about  i 
l>y  \\  inches  were  put  in  tubes  with  a  little  distilled  water.     Auto- 
claved for  10  minutes  at  110*^  C. 
Boiled  rice  (825).— Like  796. 

JioiUd  tapioca  (826). — Tubes  were  filled  to  the  depth  of  1  inch 
-with  pearl  tapioca,  and  10  c.  c.  of  distilled  water  was  added  to  each. 
After  soaking  for  4  hours  the\'  were  autoclaved  in  a  slanting  position 
for  15  minutes  at  115^  C. 

Boiled  inlhedt  (827). — Tubes  were  filled  to  the  depth  of  f  inch  with 
soft  red  wheat  and  10  c.  c.  distilled  water  added.  This  was  allowed 
to  soak  over  night  and  then  autoclaved  three  times  for  15  minutes 
at  115-  C. 

Boiled  corn  (827). — Tubes  were  filled  to  the  depth  of  \  inch  with 
i^hite  dent  corn,  coarsely  cracked,  and  10  c.  c.  of  distilled  water  added. 
After  soaking  for  3  hours  they  were  autoclaved  3  times  for  15  minutes 
at  117-  C. 

Boiled  leans  (829). — ^Tubes  were  filled  to  the  depth  of  f  inch  jvith 
coarselv  cracked  white  navy  beans  and  10  c.  c.  distilled  water  added. 
After  soaking  4  hours  they  were  autoclaved  for  15  minutes  at  115^  C. 
Boiled  prunes  (830). — Several  pieces  of  best  quality  prunes  were  put 
in  tubes  and  10  c.  c.  distilled  water  added.  After  soaking  for  4  hours 
thev  were  autoclaved  for  10  minutes  at  110^  C. 

Boiled  HH<far  heef  (831). — Made  exactly  like  790,  except  that  the 
beets  used  were  less  than  half  grown. 

Silicate  jelly  {H'd?). — To  100  c.  c.  of  hydrochloric  acid,  sp.  gr.  1.10,  was 
added  drop  by  drop  100  c.  c.  sodium  silicate,  sp.  gr.  1.107,  the  mix- 
ture being  stirred  constantly.  This  was  dialyzed  for  6  hours  in  run- 
ning water.  To  200  c.  c.  of  this  was  added  50  c.  c.  of  a  solution  like 
Kaulin's,  but  more  concentrated,  the  same  weight  of  salts  being  used, 
but  only  200  c.  c.  of  water  instead  of  1,500  c.  c.  After  thorough 
mixing,  10  c.  c.  quantities  were  pipetted  int.o  tu))es  and  then  were  put 
in  the  autoclave  in  a  somewhat  inclined  position  and  heated  for  10  min- 
utes at  110"^  C.  The  steam  was  not  allowed  to  escape  while  the  auto- 
clave was  cooling,  and  the  jelh'  came  out  homogeneous  and  clear,  and 
suflScientlv  hard. 

Uschiyishysjluid  (84:1). — To  500  c.  c.  of  distilled  water  were  added: 
Glycerin,  15  c.  c. ;  ammonium  lactate,  3  c.  c. ;  sodium  chloride,  1.5 
granLs;  sodium  asparaginate,  1.5  grams;  dipotassium  phosphate,  1 
gram;  calcium  chloride,  0.05  gram;  magnesium  sulphate,  0.05  gram. 
This  mixture  was  heatcnl  for  30  minutes  at  1W\  filtered,  tubed,  and 
autoclaved  for  10  minutes  at  110^  C. 

Beefhouillon  (858). — This  w^as  made  exactly  like  the  bouillon  for 
agar  No.  786,  except  that  1,165  grams  of  beef  and  2,330  c.  c.  of  water 
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were  used,  and  the  solution  was  heated  only  half  an  hour  just  aftei 
the  peptone  wa«  added.  It  was  finally  autoclaved  10  minutes  at  115  -  C 
The  acidity  was  +15  and  the  peptone  1  per  cent. 

Boihd potato  (865).— Made  exactly  like  792. 

In  sterilizing  the  following  media  the  autoclave  was  heated  to  the 
l)oiling  point,  the  tubes  put  in  cold,  and  the  cover  screwed  down 
immediatel}'.  As  soon  as  steam  began  to  come  out  freely,  which  was 
before  the  tubes  were  heated  through,  the  vent  was  closed  and  no 
steam  was  allowed  to  escape  until  the  sterilization  was  finished  and 
the  autoclave  cooled  down  below  the  boiling  point.  This  was  to  pre- 
vent an}"  escape  of  the  acids.  All  the  tubes  containing  acids  were 
autoclaved  for  10  minutes  at  a  temperature  varying  between  105^ 
and  107^  C. 

The  acids  used  were  all  titrated  with  great  care  and  accuracy,  N  20 
sodium  hydroxide  and  phenolphthalein  being  used.  They  were  in  all 
cases  retitrated  after  diluting  to  the  proper  strength. 

866A  to  L, — These  were  made  by  preparing  potato  cylinders  like 
those  in  865,  and  adding  to  each  tube  before  sterilizing  a  little  water 
and  1  c.  c.  of  acid  +250.  As  the  size  of  the  potato  cylinder  and  the 
amount  of  water  were  made  so  that  together  the}'  would  weigh  as 
nearly  as  possible  9  grams,  the  approximate  acidity  of  the  product  in 
each  case  was  +25.     The  acids  used  are  shown  in  Table  IX,  series  1. 

872  to  (^<^;A— Made  by  heating  together  rice  water  and  acids  in  such 
proportions  that  the  products  would  be  of  the  exact  acidities  given  in 
Table  IX,  series  2.  The  acids  used  for  making  the  tubes  of  acridities 
up  to  and  including  +150  were  all  +250,  those  for  +200  and  +300 
were  +500,  and  the  tartaric  for  +400  and  +500  was  +1,(K)0.  The 
amount  of  rice  used  for  each  tube  was  such  that  the  cultures  should 
be  neither  too  wet  nor  too  dry,  and  varied  with  the  different  acids. 

HSJf,  to  886,— In  preparing  these  alkaline  media  the  sodium  hydroxide 
used  was  from  the  N  20  used  in  titrating  acid  solutions,  while  the  car- 
bonate used  were  made  —100  on  Fuller's  scale.  In  titrating  them 
phenolphthalein  was  used  as  an  indicator,  and  residual  titration  was 
resorted  to  (see  Sutton's  Volumetric  Analysis,  Sixth  Edition,  p.  50). 
In  this  sulphuric  acid  N/20  and  sodium  hydroxide  N  20  were  used. 
These  alkalis  were  mixed  with  rice  and  water  in  proportions  to  give 
exactlv  the  alkalinities  stated  in  Table  VIII. 

805 A  to  (>, — The  acids  used  in  preparing  these  media  were  all  +250. 
They  were  mixed  with  rice  and  water  in  proportions  to  give  the 
acidities  shown  in  Table  X.  All  were  autoclaved  for  10  minutes 
at  110    C. 

Rmn potato  cylinders  (896). — ^Several  large  sound  Burbank  potatoes 
were  thoroughl}'  washed,  soaked  5  minutes  in  1:1,000  corrosive  subli- 
mate water,  washed  again  in  distilled  water,  pared  with  a  sterilized 
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knife,  and  washed  a^in  in  distilled  water.  From  these  potatoes  cyl- 
inders were  cut  with  a  sterilized  cork  borer  and  allowed  to  drop 
directly  into  tubes  containing  a  little  autoclaved  distilled  witer.  They 
were  allowed  to  incubate  for  2  weeks  at  37^^  C,  and  for  2  weeks  longer 
at  room  tempeititures;  and  at  the  end  of  that  time  all  that  showed  any 
si^fns  of  bacterial  or  fungous  growth  were  discarded.  They  were  at 
this  time  nearly  black  on  the  surface  from  oxidation. 

ST7MMABT. 

(1)  This  bulletin  deals  with  a  potato  disease  common  over  a  consid- 
erable portion  of  the  United  States  and  variously  known  as  bundle 
blackening,  stem  rot,  dry  end-rot,  and  dry  rot. 

(2)  The  bundle  blackening  and  dry  end- rot  of  the  tuber  are  two 
stages  of  the  same  disease.  This  begins  in  the  field  in  the  underground 
stems  and  roots. 

(3)  A  fungus  is  always  present  in  the  darkened  vascular  bundles  of 
the  tubers  in  sparing  amount,  and  cultures  therefrom  have  shown  this 
to  be  a  Ftisarium, 

(4)  The  above-ground  symptoms  are  slow  change  of  color,  dwarfing, 
more  or  less  rolling  or  curling  of  the  leaves,  and,  finalh%  a  wilt  of  the 
foliage  and  the  falling  down  of  the  stems. 

(5)  The  first  symptoms  in  the  tuber  are  nearly  always  at  the  stem 
end  in  the  form  of  browned  or  blackened  vascular  bundles.  During 
this  stage  of  the  disease  the  tubers  are  sound  externall}'.  The  dark 
stain  in  the  vessels  may  finally  extend  to  the  eye  end  of  the  tuber,  the 
parenchyma  within  and  without  remaining  sound  and  white  or  becom- 
ing yellowish  as  the  fungus  invades  it  (finally  shriveled,  gi^ayish  brown, 
and  hard),  or  else  breaking  down  with  mixed  infections  including 
various  soft  bacterial  rots. 

(6)  The  fungus  grows  readil}^  in  a  great  variety  of  culture  media. 
It  varies  considerably  in  form,  color,  and  sporification  according  to 
the  environment.  On  cooked  potato  and  in  a  number  of  other  media 
it  is  white  when  grown  in  darkness  but  bright  salmon  when  exposed 
to  the  light.  On  cooked  beans  the  fungus  is  gi^a}'  both  in  light  and  in 
darkness.  Under  varying  conditions  various  colors  were  obtained, 
e.  g.,  purple,  violet,  lilac,  pink,  rose,  yellow,  cream,  salmon,  cinna- 
mon, gra\' ,  and  green.  Macroconidia  were  more  abundant  in  some 
media  than  in  others,  and  in  certain  acid  media  only  distorted  chlam}'- 
dospores  were  produced. 

(7}  The  fungus  tolerates  large  amounts  of  some  kinds  of  acids,  e.  g., 
malic,  citric,  and  tartaric,  and  is  inhibited  by  small  amounts  of  others, 
e.  g.,  formic,  acetic,  and  butyric.  It  endures  considerable  amounts  of 
alkalis,  and  these  have  a  tendency  to  keep  the  mycelium  white,  or 
when  in  excess  to  make  it  yellowish. 
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(8)  The  fungus  is  aerobic.  It  does  not  grow  at  37i^  C.  (blood  heat) 
and  grows  with  extreme  slowness  at  5^  C.  (4:1^  F.).  It  grows  well 
between  16°  and  30°  C. 

(9)  The  fungus  attacks  the  plant  from  the  soil  and  winters  over  in 
the  earth.  In  land  frequently  planted  to  potatoes  it  can  probably 
maintain  itself  indefinitely. 

(10)  A  copious  use  of  fertilizers,  such  as  lime,  phosphates,  nitrates^ 
and  potash  salts,  did  not  enable  the  plants  to  overcome  the  disease. 

(11)  The  disease  continues  in  stored  potatoes,  and  if  they  are  kept 
in  warm  rooms  the  loss  during  the  winter  is  likely  to  be  lai^. 
Tubers  stored  by  the  writers  in  warm  rooms,  whether  moist  or  dry, 
became  badly  diseased.    Those  stored  in  a  cool  place  kept  much  better. 

(12)  Diseased  tubers,  therefore,  should  be  stored  in  cool,  dry  rooms 
and  used  early  in  the  season.     They  should  not  be  fed  raw  to  stock. 

(13)  Infected  land  should  be  planted  to  other  crops  for  a  series  of 
years.  Tentatively,  at  least,  it  would  be  best  to  exclude  also  tomatoes, 
eggplants,  and  peppers  from  such  land. 

(14)  The  greatest  care  should  be  taken  to  avoid  the  infection  of 
healthy  land  by  the  planting  of  diseased  tubers.  All  tubers  designed 
for  seed  should  be  cut  at  the  stem  end  and  carefully  inspected  before 
planting. 

(15)  Diseased  tubers  should  not  be  thrown  on  the  manure  pile. 

(16)  If  the  new  wet-weather  disease  of  potato  tubers  mentioned  in 
the  footnote  on  page  53  be  due  to  this  same  fungus,  then  some  modi- 
fications should  be  made  in  the  statements  in  paragraph  5.  It  is  prob- 
able, also,  that  in  some  climates  or  conditions  the  fungus  will  be  found 
growing  out  into  the  parts  above  ground. 
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DESCBIPTION  OF  PLATES. 

PLATES. 

Plate  I.  Frontispiece.  Potato  plant  in  which  part  of  the  shoots  appears  healthy, 
an<l  part  is  affected  with  the  Ftimrium  disease,  showing  difference  in  the  habit  of 
the  affected  jmrt  and  particularly  in  the  appearance  of  the  leaves. 

Plate  II.  Potato  plant  in  a  somewhat  advanced  stage  of  the  disease,  the  foliage 
wilted  and  drooping,  but  the  shoot  not  yet  fallen  over  on  the  ground. 

Plate  III.  Potato  plant  in  a  late  stage  of  the  disease,  the  shoots  prostrate  on  the 
ground  and  the  leaves  drying  up. 

Plate  IV.  Sections  cut  across  diseased  tubers  at  the  stem  end,  showing  an  earlier 
stage  of  invasion  of  the  vascular  system  by  the  fungus  than  that  shown  in  Plate  V. 
Natural  size. 

Plate  V.  Figs.  1  and  2. — Sections  cut  across  middle  of  diseased  tubers,  showing 
blackened  condition  of  the  vascular  system.  Fig.  3. — Tuber  similar  to  Fig.  1,  with 
the  cortex  carefully  pared  away  so  as  to  show  the  longitudinal  extension  of  the  brown 
stain  in  the  vascular  system.  Fig.  4. — A  later  stage,  showing  extension  of  the  disease 
to  the  whole  interior  of  the  tuber  and  tufts  of  white  mycelium  in  the  central  cavities. 
Figs.  5  and  6. — More  advanced  stages  of  the  decay,  showing  large  central  cavities 
filled  by  the  fungus.  More  advanced  condition  than  is  shown  in  Plate  IV.  Natural 
size. 

Plate  VI.  Late  stages  of  the  disease  in  stored  tubers  exposed  to  warm,  dry  air. 
Tubers  shriveled  and  hard.  Some  free  from  surface  mycelium.  Others  with  masses 
of  the  fungus  on  the  surface  and  in  closed  cavities. 

Plate  VII.  A  single  colony  of  the  fungus  nine  days  old  in  a  petri-dish  culture  on 
sugar-beet  agar.     Mycelium  grown  from  a  single  spore. 

Plate  VIII.  Drawings  made  with  the  aid  of  the  camera  lucida,  showing  develop- 
ment of  the  fungtis.  Fig.  1. — End  of  submerged  hypha  from  the  margin  of  a  colony 
(see  PI.  VII)  on  sugar-beet  agar  in  a  petri-dish  culture,  showing  habit  of  growth  and 
branching.  X  108.  Fig.  2. — End  of  submerged  hypha  from  a  colony  similar  to  that 
shown  in  fig.  1.  This  hypha  has  begun  to  form  microconidia,  which  may  be  seen  on 
the  end  and  on  short  lateral  branches.  X  108.  Figs.  3-12. — Tip  of  a  hypha  from 
mycelium  similar  to  that  in  figs.  1  and  2,  showing  in  detail  the  formation  of  micro- 
conidia. The  hypha  is  submerged  in  the  agar  and  the  microconidia  remain  in 
approximately  the  position  in  which  they  were  formed.  The  time  required  for  their 
formation  may  l)e  jmlged  from  the  appended  figures,  the  hypha  l)eing  under  observa- 
tion for  several  houi-s.  X  324.  Figs.  13-15. — Stages  in  the  germination  of  a  micro- 
conidium  in  sugar-beet  agar  in  a  Van  Tieghem  cell.  In  fig.  15  one  cn>ss-septum  has 
been  formed  and  several  vacuoles  have  become  visible.  The  si)()re  was  put  into  the 
germinating  chamber  at  10  a.  m.  and  began  to  germinate  much  sooner  than  is  usual. 
X  480.  Figs.  16-19. — Part  of  a  hypha  growing  in  Uschinsky^s  fiuid  in  a  Van  Tieghem 
cell,  showing  in  detail  stages  in  the  formation  of  macroconidia  on  a  swollen  lateral 
branch.     X  216.     Figs.  20-22. — Stages  in  the  germination  of  a  macroconidium  in 
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Uachinsky's  fluid  in  a  Van  Tieghem  cell.  The  spore  was  put  into  the  germinating 
fluid  at  10  a.  m.  X  480.  Figs.  23-25. — ^Mature  niaoroconidia  grown  in  Uschinsky^ 
fluid.  Fig,  23  nearly  straight;  fig.  25  much  curved.  X  216.  Fig.  26.— Part  erf 
hypha  grown  in  beef  bouillon,  showing  intercalary  chlamydospores  in  stages  of  for- 
mation. X  135.  Fig.  27. — Young  chlamydospore  borne  on  a  short  lateral  branch, 
growing  in  beef  bouillon.  X  136.  Fig.  28. — Young  chlamydospore  borne  terminally 
on  a  long  hypha,  grown  in  beef  bouillon.  X  135.  Fig.  29. — Mature  chlamydospore 
grown  in  beef  bouillon.  X  480.  Figs.  31-33. — Stages  in  the  germination  of  a  chlamy- 
dospore in  beef  bouillon  in  a  Van  Tieghem  cell.  The  spore  was  put  into  the  germi- 
nating fluid  at  10  a.  m.,  and  began  to  germinate  earlier  than  any  of  the  others  in  the 
same  medium.  X  480.  Fig.  34. — Tangential  section  through  the  vascular  system 
of  a  diseased  tuber,  showing  the  long  slender  hypha,  following  a  reticulate  vessel  and 
branching  with  it     X  110. 

TEXT  FIGURES. 

Fig.  1. — Diagram  of  a  longitudinal  section  of  a  potato.  The  dotted  line  marks  the 
position  of  the  vascular  ring,  and  the  lines  across  the  main  axis  indicate  the  distances^ 
that  the  disease  has  progressed  into  this  ring,  designated  in  Table  IV  as  *' slight," 
"less  than  half,"  "half,"  "nearly  all,"  and  "all." 

Fig.  2. — Diagram  of  potato  field  on  Potomac  Flats,  Washington,  D.  C,  in  which 
(1902)  the  experiments  were  made  with  different  fertilizers  and  different  varieties 
with  reference  to  resistance  to  the  Fusariuin  disease.  The  lines  represent  the  potato 
rows,  and  their  intersections  the  hills.  The  numbers  belong  to  the  plots  directly 
below  them,  and  the  fertilizers  used  and  the  varieties  planted  in  them  may  be  seen 
from  Table  I.  The  hills  in  which  all  the  shoots  showed  the  effect  of  the  disea^te  on 
July  27  are  marked  with  a  cross.  Those  in  which  only  a  pSLTi  of  the  shoots  was 
visibly  affected  are  marked  with  an  oblique  line.  The  small  plots  planted  to 
* '  Browns  "  are  omitted  for  reasons  already  stated.  There  is  a  plantation  road  on  the 
upper  and  right-hand  sides  of  the  field,  blu^^rass  on  the  lower  side,  and  Burbank 
pv>tatoes  of  the  same  seed  as  that  used  in  the  experimental  plots  on  the  left-hand 
side.  The  ground  slopes  gently  from  the  upper  to  the  lower  side  of  the  field,  as  it 
appears  on  the  page,  and  very  slightly  from  left  to  right,  but  to  the  casual  observer 
it  would  appear  to  be  level. 
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Various  Stages  in  Destruction  of  Potato  Tubers  by  Fusarium. 
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AcTrON  OF  FuSABiuM  ON  Potato  Tubers  in  Wabm,  Dhv  Air. 
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MvcELiuM  OF  THE  Potato  Fusarium,  Grown  from  «  Single  Spore  tN  Nutrtent  Agar. 


Bui.  55,  Bureau  of  Plant  Industry,  U.  S.  Dept.  of  Agricutture. 


Plate  VIII. 


Mycelium,  Spores,  and  Germ  Tubes  of  the  Potato  Fusarium. 


113349 


THE  UNIVERSITY  UBRARY 

UNIVERSITY  OF  CAUFORNIA,  SANTA  CRUZ 

SCIENCE  UBRARY 


This  periodical  is  due  on  the  DATE  stamped  beJow. 
To  renew  by  phone,  call  459-2050 


Sen" 


166} 


1 0-'  I V- ; 


.    -    -      •» 

Lull' 


Series  3726 


S 


.1  k  u  k'  i;  :  '*^ 


^ 


te 


^r 


•» 


* 


